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Abstract

The NASA Lewis Research Center (LeRC) has been testing free-piston Stirring engine/linear alternators
(FPSE/LA) to develop advanced power convertors for space-based electrical power generation. Tests
reported herein were performed to evaluate the interaction and transient behavior of FPSE/LA-based power
systems with typical user loads. Both resistive and small induction motor loads were tested with the Space
Power Research Engine (SPRE) power system.

Tests showed that the control system could maintain constant long term voltage and stable periodic operation
over a large range of engine operating parameters and loads. Modest resistive load changes were shown to

cause relatively large voltage and, therefore, piston and displacer amplitude excursions. Starting a typical
small induction motor was shown to cause large and, in some cases, deleterious voltage transients.

The tests identified the need for more effective controls, if FPSE/LAs are to be used for stand-alone power
systems. The tests also generated a large body of transient dynamic data useful for analysis code validation.

1.0 Introduction

The NASA Lewis Research Center (LeRC) has been testing free-piston Stirring engineflinear alternators
(FPSE/LA) to develop advanced power convertors for space-based electrical power generation. These tests
were conducted in support of the NASA Civil Space Technology Initiative (CSTI) High Capacity Power
Program. The Space Power Research Engine (SPRE), built by Mechanical Technology Inc. (MTI) of
Latham, New York, has been tested extensively in support of this program [CaireUi, Wong, Dochat, etc.].

Much of this testing has been directed at improving engine and alternator performance, and obtaining
steady-state data for validating design and analysis codes [I-Iuang, 1992 & Geng, 1992].

Many hours of Space Power Demonstration Engine/Space Power Research Engine (SPDE/SPRE) steady-
state operation at MTI and NASA LeRC have contributed to understanding the basic mechanical, dynamic
and thermodynamic behavior of FPSE/LAs. These tests have been performed with nearly constant load
conditions. Relatively little attention has been given to load interaction and control dynamics of FPSE/T.As.
System design studies reported in the literature-to-date are either limited to "block diagrams" with little detail
or include a power conditioning, control and storage module which effectively isolates the FPSE/LA from
system load transients. Thus, this study was conducted to both gather transient data and test the control
system.

The parasitic "laboratory" loads and controls used for steady-state testing have been effective in ensuring
stable periodic operation and tolerating small disturbances. The parasitic loads and the associated controls

have evolved slowly. The NASA SPRE test facility load and controls are close to state-of-the-art in that they
incorporate a hybrid analog-digital controller and a switched resistive load which uses solid-state relays.

*Mr. Rauch is currently with ANALEX Corp. at NASA LeRC.



A further improvement over previous SPRE load controls is that integral in addition to proportional
feedback control is used. Other FPSE/LA systems using digital computer control have been implemented
e.g., NASA SPIKE, MTI and NASA Component Test Power Converter (CTPC) facility. These controls use
digital computer control.

Tests were conducted from December 1992 to December 1993 at NASA LeRC, using the SPRE, to evaluate
the interaction characteristics of FPSE,/LAs with typical user loads.

The primary objective of the tests reported herein was to determine the transient characteristics of a free-
piston Stirring engine/linear alternator (FPSE/LA), of which the SPRE is an example, coupled to resistive
and motor loads. A secondary objective was to provide transient data which could be used to validate
transient analytic predictions [Kankam, 1991, 92 & 93].

2.0 SPITE Engine and Test Overview

The transient tests were conducted using the SPRE FPSE/LA and test facility at NASA LeRC, Figure 2-1.
The SPRE test facility was modified to make it functionally equivalent to NASA's FPSE/LA Controls and
Load Interaction Test Facility lRauch, 1992] by the addition of user loads. Also, the Data Acquisition
System (DAS) was upgraded to record both high-speed transient and high-speed failure data or emergency
shutdown. Prior to these tests the SPRE was modified to evaluate its performance with reduced number of
cooler tubes, a configuration retained for this test. The parasitic load control for this facility was modified to

improve voltage regulation, and by adding user loads. The engine/alternator, load control and DAS are
described further in the following sections.

2A SPRE Engine/Alternator

The SPRE Hybrid engine used, Figure 2-2, [Wong, 1992 and Cairelli, 1993] is a combination of the best
components of the SPRE-I and II engines. The components from the SPRE-I include the heater head
assembly with regenerator and cooler, displacer assembly, post and flange assembly with displacer position
sensors, piston position sensor assembly and alternator pressure vessel. The components from the SPRE-II
include the power piston and cylinder, joining ring and alternator.

The cooler was modified by reducing the number of cooler tubes from 1584 to 1056, as descn'bed by IWong,
1992 & Cairelli, 1993]. Some tests were conducted with better, Le. smaller, seal clearances for the forward
and aft displacer gas springs. After a test on April 8, 1993, in which a displacer rub was clearly identified as
the cause of recurring unplanned engine stalls, the displacer was replaced with one which had a slightly

larger seal clearance (from 50 to 66/Jm). This configuration was tested on May 26 after which the displacer
clearance was again increased (to 100/Jm). Subsequent tests did not encounter unplanned shutdowns, and no
further internal changes were made during this test series. Engine performance was slightly lower for this
configuration, compared to the best obtained for the reduced cooler tube tests [Cairelli, 1993]. However, the
low performance did not substantially affect the results of this test.

The power piston and cylinder, joining ring and alternator used for this test constitute the "high-efficiency'
alternator configuration. The magnetic materials of these components in the original SPRE were replaced
with non-magnetic materials which reduced eddy current losses in the alternator support structure. The loss
reduction resulted in improved alternator efficiency.

22 Parasitic Control and User Loads

FOgure 2-3 is a schematic of the SPRE electrical load system. The alternator terminals (A and G) are
connected to a series "tuning"capacitor (A-B) the reactance of which cancels the inductive reactance of the

linear alternator. The tuning capacitor is adjustable from 295 to 805_f, in steps of 2/Jf, by switching



capacitors C2 through C9. The element C1 is a fixed 295_f capacitance. This adjustable tuning capacitance
allows the alternator inductance to be balanced for operating frequencies of at least 60 to 105 Hz. Loads
connected to the AC output terminals (B-G) include a parasitic control load bank and three switchable
auxiliary (or user) loads.

The parasitic control load consists of 16 parallel coarse resistors of 20_ each and 8 parallel binarilly
increasing fine resistors of 40_ to 5120_. The rated voltage is 240 Vrms. Hence, the rated capacity is 49

kWe and power may be controlled within a resolution of 6 W (at 240 Vrms). This is more than adequate for
the SPRE which has a design power output of 12.5 kWe. These control resistors are connected to the AC
bus by zero-crossing type solid-state relays (S), which are controlled by a hybrid analog/digital feedback
control circuit.

The hybrid analog/digital feedback control measures the AC bus voltage (via a voltage divider V,..,_). This
AC signal is converted to a DC level by a RMS/DC converter and low pass fdter to obtain a DC feedback

signal. The feedback signal is subtracted from the set point signal to obtain the error signal for the
proportional-integral (PI) control. The PI control output voltage is sampled by an analog to digital (A/D)
converter. The digital output then drives the solid-state load control relays. The low order 8 bits drive the

fine load directly while the next 4 bits drive the coarse load via a decoder which converts the high order bits
to the corresponding number of loads. The digital output is disabled while the instantaneous AC voltage is
within ±30V to insure that the control signals to all solid-state relays are synchronized when they detect the
zero-crossing. Thus, the AC voltage amplitude must be greater than 30 volts for the control to operate
properly. This is not a serious limitation, since the AC voltage amplitude is typically 155 to 340V.

Auxiliary loads are manually connected to the AC bus via mechanical relays (rather than solid-state relays).
These loads are included to simulate typical user loads. Two au_llary load relays are connected to =20a
resistors (identical to coarse control loads). The third auxiliary load relay was connected to one of several
motors tested. These relays are arranged such that a trigger signal is sent to the high-speed DAS when one
or more amfiliary load relay is switched. This allows the DAS to capture the switching transient. Any
combination of auxiliary loads could be simultaneously switched.

2.3 Data Acquisition

Figure 2-4 is a schematic of the Transient Data Acquisition System (TDAS) used for the SPRE transient
tests. The TDAS host computer is a 80286/7 PC/AT running MSDOS. Ouasi steady-state (less than 10 Hz)
measurements are scanned and digitized by the multiplexer (MUX) which is interfaced to the host PC/AT
via a digital I/O board. Dynamic measurements are scanned and digitized by a high-speed analog to digital
converter (A/D) board installed in the PC/AT. The custom software is written entirely in the "C"
programming language.

Physical steady-state parameters are first converted to voltages by appropriate transducers and analog signal

conditioners. The 256 channel, low speed (=700 samples/sec) multiplexer (MUX) is controlled directly by
real-tlme software running on the PC/AT. The channel and range for each measurement is first set, then
the MUX is triggered and the digitized output is read. The real-time software converts these raw
measurements into engineering units for display and storage.

The uniqueness of TDAS lies in its capability to acquire and process periodic (50-100 Hz) and transient
dynamic measurements, with high amplitude, phase resolution and accuracy. Dynamic physical parameters
are, like steady-state parameters, converted to voltages by transducers and analog signal conditioners.
Special care is required in selecting transducers and signal conditioners for these measurements to minimize
relative phase errors. Dynamic signals are preamplified by matched differential instrumentation amplifiers.
Each of the amplifiers contains a low-pass fdter. The fdter cut-off frequency is set to 100 kHz to minimize

measurement phase errors. The preamplifier outputs are scanned and digitized by a 16 channel, 12-bit, high-



speed (200 kilo-sample/see total throughput) analog to digital (AID) converter installed in the PC/AT. The
A/D is relatively unique in that it can be programmed to sequentially sample up to 4 groups of 4
simultaneously sampled channels at a time. Also, the A/D board contains a 256k sample on-board data
buffer so that hlgh-speed data acquisition can proceed independently of the host PC/AT, and is thus, not
limited by bus speed and traffic. The A/D board can be programmed for either software or external

tr ert 

For routine monitoring and recording of steady-periodic data, the A/D first samples one data channel

(usually piston position) at a known sampling rate. This data is analyzed to determine the current operating
frequency (f). Then all dynamic channels are sampled at a frequency of f,, a multiple of the operating
frequency, determined by:.

f, = f'N./No

where N, is the number of samples recorded (typically 257) and No is the number of engine cycles (typically
4) over which the data must be recorded. This sampling strategy minimizes errors introduced by the
Discrete Fourier Transform (DFT) used to compute the 1'*harmonic amplitude and phase for each channel.
Since the raw data is obtained for an arbitrary time window, the phase is computed relative to a reference
signal (typically piston position) for each channeL The computed phase is also corrected for time skew
between non-simultaneous data channels. The mean, RMS and total harmonic distortion for each data

channel are also computed. These calculated values are then converted to appropriate engineering units,
stored along with steady-state data and displayed. The raw dynamic data, in integer form, is separately
stored as part of permanently recorded readings. Very accurate amplitude measurement of dynamic signals
is routine and largely dependent on calibration of the transducers, signal conditioners and other equipment.
Accurate, high-resolution (< 1°) phase measurement is, on the other hand, more difficult and requires special
attention to the Aft) sampling characteristics, effective data resolution and processing algorithm, in addition
to the frequency response of the transducers, signal conditioners, amplifiers and filters. Tests have shown
that TDAS phase errors are less than 4-0.10 for signal amplitudes greater than 10% of the full scale range of
the A/D converter, and drops to less than 4-0.02° for ampfitudes over 80% of full scale. This includes phase

errors in the preamplifier/filters which are installed on all channels. Phase errors between channels in the
same simultaneously sampled group are slightly smaller than intragroup channels. In either case, satisfactory
phase accuracy is routinely obtained.

For acquisition of transient data, the A/D board is programmed to collect a total of 2000 samples/channel
over nearly 64 engine cycles. Thus, appro_mately 31 samples/cycle�channel are collected. Also, the A/D
board is programmed to continuously save pre-trigger data in on-board memory, writing over the oldest data,
while waiting for an external trigger. Once the trigger is detected, 1800 post-trigger samples/channel are
saved in on-board memory. Then the data is stored on the PC's hard disk for later evaluation.

Although the high-speed signals are filtered by the pre-amplifiers, these are not used as anti-alias filters,
since the pass band (100 kHz) is well above the sampling frequency (L5 to 3.1 kI-Iz). Dynamic signals from
FPSE/LAs have low noise and low amplitude higher harmonics. Therefore, anti-alias filters have not been
needed. Generally, anti-alias filters with a bandwidth near the operating frequency are useful. However,
such filters introduce significant (relative to 0.1°) channel to channel phase shift.

3.0 Test Overview

Table 3-1 summarizes transient tests performed on the SPRE. Data was obtained for 14 test runs. Early
transient tests were interspersed with the Reduced Cooler Tube (RCT) tests which required changes to the
engine/alternator configuration. Also, tests prior to June 29, 1993 were occasionally interrupted by
unplanned engine stalls which were attn'buted to mechanical displacer rubs. This section briefly summarizes
some of the more significant transient tests conducted from December 1992 through December 1993. The



detailed re.suits discussed in Sections 4 and 5 pertain to tests conducted from June 29, 1993 through
December 17, 1993. During this later period, neither the engine/alternator nor the parasitic load control was

changed.

Table 3-1 Summary of SPRE Transient Tests

Test Date I Description

m

--- SPRE Hybrid Build 11 ---

12/16/92 RCT Performance Test (ESCORT DAS)

12/30/92 c/o TDAS

1115193 Resistive, c/o TDAS

1/20/93 Resistive

--- SPRE H, brid Build 12 --

2/22/93 Mini Run

2/23/93 Resistive, base load control parameters,
off-tune alt capacitance
comparison data from ESCORT DAS

2/24/93 RCT Performance Test (ESCORT DAS)

--- SPRE Hybrid Build 13 ---

3/17/93 Mini Run, c/o TDAS

3/29/93 RCT Performance Test (ESCORT DAS)

--- SPRE Hybrid Build 14 ---

4/08/93 I Mini Run, displacer rub stall recorded w/TDAS

l

5/26/93 I Resistive, off-tune alt cap.

--- SPRE H tbrid Build 15 ---

6/29/93 Mini Run, Resistive, 1/3 HP motor

6/30/93 Resistive, 1/3 HI' motor

7/01/93 Resistive, 1/20 HP motor

7/13/93 1/6 HI' motor

11/18/93 Resistive,
1/6 & 1/3 I-IP motors w/start capacitors

12/13/93 Motor characterization w/Power supply

12/17/93 Resistive, 1/5 HP motor w/fan,
off-tune alt capacitance.



Transients due to switching in and out one resistive load (20t_) were routinely recorded during most, if not

all, of the test runs. These transients were usually initiated with the engine operating at piston amplitudes of
nearly 8 mm, to avoid transient over-stroke conditions. Transients were recorded for operating pressures of
5 to 15 MPa, and heater-to-cooler temperature ratios of 1.6 to 2.2. Resistive load transients were often

repeated over the course of the tests. Several transients due to simultaneous switching of 2 loads (or 10_)
were also recorded. Although not discussed in detail here, they resulted in excursions with amplitudes twice

as large as those of the one load (20_) transients.

The load control for tests conducted prior to 4/8/93 had only proportional control. This control required

manual set point adjustments for all but minor operating condition changes to maintain constant alternator
voltage and, thus, piston amplitude. Also, the feedback voltage was conditioned by a 2-pole, 6 Hz filter in
the RMS/DC converter and a 4-pole, 7 I-Iz, post-filter. Starting with the test on 4/8/93, integral control was
added to the proportional control Also, the post-filter of the RMS/DC converter was reduced to a 2-pole
Butterworth type and the cutoff frequency was increased to approximately 14 I-Iz. This substantially

improved the long term voltage regulation and increased the short term frequency response.

Several motors were tested with the SPRE system. The name plate data for each is listed in Table 3-2. The

1/3, 1/6 and 1/20 HP motors were tested without mechanical loads. The 1/5 HP motor was part of a
packaged fan unit used for cooling instrument racks.

Table 3-2 SPITE Transient Test Motor Loads

1/3 HP Mfg: General Elec.
Model: 5XBH00DC

115V, 60 Hz, 1 Ph, 6.8 A, 1725 RPM

I/5 Fan unit mfg: Creulo Inc.
Model: 838403, S/N: 371
Motor mfg: McLean Engineering
Model: SU59FG4IX Part No: S-2013

115 V, 50/60 I-Iz, 1 Ph, 2.6/2.8 A, 1350/1600 RPM

1/6 HP Mfg: Emerson Elec.
Model: S60CXBKL-2953, Type: S, Frame: A56Y, Code: L
115 V, 60 Hz, 1 Ph, 3.4 A, 1725 RPM

1/20 HP Mfg: Westinghouse
Type: FE, Frame: DT42
115 V, 60 I-Iz, 1 Ph, 2.55 A, 1050 RPM

Tests of the various motors were conducted with the SPRE running at a mean engine pressure of 5 MPa,

with operating frequency of 62 I-Iz, an alternator voltage of 110 Vrms and piston amplitude of 8.8 to 9.0 mm.
Motor start transients were obtained at temperature ratios from 1.7 through 2.2. The reported cases relate

to temperature ratio of 2.

Initial attempts to start the 1/3 HP motor (on 6/30/93) were unsuccessful. Attempts were made for
temperature ratios from 1.7 to 2.1. The steady-state engine/alternator output varied from 1.3 to 2.7 kWe in
the stated temperature range, compared to the rated motor power of 250 W (1/3 HP). The motor has a

6



start coil which is disengaged as the motor approaches its rated speed. However, during the test, the inrush

current appeared to have overloaded the engine/alternator, since there was no indication of the start coil
disengag g,

Initial attempts to start the 1/6 HP motor (on 7/13/93) were successful in one out of 8 attempts. The one
successful start followed an unsuccessful attempt at the same initial conditions (temperature ratio of 2.0,
where the engine/alternator power output was 2.4 kWe). The motor failed to start in two subsequent

attempts at a temperature ratio of 2.1, and alternator power output of 2.7 kW. Similarly to the 1/3 HP
motor, the 1/6 HI' motor has a start coil which is disengaged as the motor approaches its rated speed. The
motor speed appeared to increase past the point of disengaging the start coil before the engine stall was
initiated. The load voltage was recovering (increasing after the initial drop), and motor current was dropping
when the stall occurred. The data, in this case, suggests that the over-stroke protection initiated the
shutdown.

External capacitors of 60/_f and 120_f were added to the starting coils of the 1/6 and 1/3 HP motors,
respectively, to reduce the starting current. Several starts were successful with the 1/6 HI' motor on
11/18/93. However, one stall occurred although the engine output was the same as, or higher than, the
value of successful starts. The over-stroke protection was disabled and several additional starts were

completed. The 1/3 HI' motor, with its start capacitor, was also tested on 11/18/93. Several starts with
disabled over-stroke protection were completed. One start caused a piston over-stroke alarm which would
have initiated a shutdown. Inrush current for both motors with start capacitors was about half that of the

motors without capacitors.

A 1/20 HP motor tested on 7/1/93 started very easily at nearly constant voltage. A low temperature ratio of
1.6 and power output of 1 kWe were adequate for start of this motor which has a rated power of only 37 W
(1/20 HI'). Relatively little is known about the topology or operating characteristics of this motor.

A 1/5 HI' motor with a fan load was tested on 12/17/93 and started easily. This motor/fan accelerated to
speed relatively slowly, in 2.4 sec, compared to 0_5 sec. for the 1/6 HP motor. The transients lasted longer
than the transient data time window of I sec. The slow starting was probably due, in part, to higher inertia
and load of the fan. However, the relatively low inrush current suggests development of a low electrical

torque. Unlike the 1/6 and 1/3 HP motors, the "start"coil does not disengage with speed build-up, but
remains connected to the line through an external 6_f run capacitor. Again, not much is known about the
topology or characteristics of this motor. Several tests have been performed to determine the characteristics
of the motors.

4.0 Steady-State Results

Steady-state performance measurements of the SPRE during the transient tests were obtained for
comparison with prior data. The data obtained was largely a by-product of the TDAS. Measured and
calculated steady-state results for runs on 6/30, 11/18 and 12/17/93 are discussed. Appendix A contains
summary data for each run. Appendix B contains complete sets of steady-state data for several selected

operating points.

The internal engine/alternator configuration for these tests was not changed, as the SPRE was not
disassembled in this time period. Also, no changes were made to the external load or control systems.
Thus, performance variations can only be attributed to: 1) differences in the operating parameters, 2)
instrument calibration drift or 3) engine degradation. All major and most minor operating parameters were
either directly measured or were calculated from measured parameters. Since the SPRE was not
disassembled in the period prior to the test on 6/29 to after the test on 12/17/93 (and has not been



disassembledto-date),nocalibrationsof theinternalor externalinstrumentswereperformedin this period.

Thus, comparisons between data obtained in this period will not be biased by changes due to the instrument
calibration process but may be affected by long term drift in instrument calibration.

The following sections discuss engine/alternator performance variations over the test period, followed by
brief discussions of the various operating parameters plotted in Figures 4.1 to 4.4.

4,1 Engine Performance:

The overall engine performance was reasonably stable for the tests on 6/30, 11/18 and 12/17/93, with less
change between the tests on 6/30 and 11/18/93. Data at a mean pressure of 12.5 MPa, temperature ratio of
2.0 and piston amplitude of 8 mm was obtained for each test and is compared in Table 4-1.

Table 4.1

Parameter

SPRIg Performance at Constant Conditions

Acronym Unit

Reading No.

Electrical Power Kwalt

Piston PV Power pvpst

Mean Pressure

Temperature Ratio
Piston Amplitude
Alt Capacitance

Frequency
Displacer Amp.
Displacer Phase
Piston Vel Amp.
Load Voltage

kW
kW

pmean MPa 12.50
trtow -- 2.004

Xp.a. mm 8.019
cap pf 337 _3

freq Hz 94.62
Xd.a man 8.978

XD.p deg 76,31
vim m/s 4.768

Vacld.r Vrms 145.5

cads n-s/m 29.75
cfds n-s/m 23.87

n-s/m 53.62

Aft Disp Spr Damp'g
Fwd Disp Spr Damp'g
Tot Disp Spr Damp'g

Test Date

6/30 11/18 12/17

57 58 56

6.92 6.94 6.55
8.57 8.87 8.24

12.51
1.999
7.995
349.7

95.91
9.018
75.81
4.768
144.9

25.71
20.52
46.23

12.51
2.003
8.022
336.7

94.74
8.881
76.86
4.776

146.8

26.69

22.54
49.23

The electrical power output for runs on 6/30 and 11/18 remained nearly the same. However, the value was
nearly 400W or 5.6% lower on 12/17. This was partly due to lower displacer amplitude relative to piston
amplitude. Low displacer amplitude may be caused by gas spring leakage losses or rubs. The data does not
dearly show gas spring losses, as indicated by the damping coefficients, as the cause of low displacer

amplitude.

4.2 Electrical P0wcr Output vs Voltage:

Figures 4.1.a through c show the total engine/alternator power output as a function of output voltage, for
several levels of mean pressure and temperature ratio. The total power includes both the parasitic control
load and auxiliary load(s). The load voltage is measured across the parasitic and auxiliary loads, after the
alternator tuning capacitor, rather than at the alternator terminals.

The load power output increases approximately linearly with load voltage, and increases with both increasing
mean pressure and temperature ratio.



4.3 Load Voltage vs Piston Amplitude:

Figures 4-2.a through c show that the load voltage increases linearly with piston ampfitude and increases with
increasing mean pressure. Load voltage drops slightly as temperature ratio increases, due to increased
alternator losses.

4.4 Displacer Amplitude v_ Piston Ampfitude:

Figures 4-3.a through c show that the displacer amplitude increases linearly with piston amplitude. Displacer
amplitude also increases with both mean pressure and temperature ratio.

4.5 Displacer Phase vs Piston Amplitude:

F'_nn'es 4-4.a through c show that the displacer phase (measured relative to the piston) decreases slightly
with increasing piston amplitude. Displacer phase increases with mean pressure and decreases with
temperature ratio. For constant mean pressure, the slope of the phase vs amplitude curve is approximately
constant for varying temperature ratio, but increases for increasing mean pressure.

$.0 Transient Results

5.1 Re$i#tiv¢ Load Transients:

Figures 5-1.a through d show the response to switching in a 20Q resistive load with the engine/alternator
operating at a mean pressure of 5.0 MPa, temperature ratio of 2.0 and piston amplitude of 8 mm with the
alternator capacitor tuned (Data File: 063093, Reading 27). The resistance is switched in (parallel with the
parasitic control load) at nearly 0.1 sec. in Figures 5.1. The load voltage initially drops, as seen in Figure 5-
1.a, and then the control (see Fig. 2-3) responds to the voltage error. The oscillation in the voltage
amplitude (and other dynamic parameters) is due to lag in the voltage feedback filter and proportional-
integral (PI) controller. The period of this oscillation is 0.32 sec.

The current to the auxiliary load, as seen in Figure 5-1.b, is zero before the switch doses. When the switch
doses, the current goes through initial excursions, and finally settles to a steady-state amplitude. The relay
doses at a non-zero voltage. This is evident in Figure 5-1.c which shows the auxiliary current plotted with an

expanded time scale. Figure 5-1.d shows the total load current which includes both the parasitic and
auxiliary load currents. This figure shows that the total current converges to the same amplitude as that
prior to engaging the auxiliary load. Figures 5-1.e and f show the response of the piston and displacer to the
load transient. The piston response is very similar to that of the voltage, due to the relatively stiff electro-
mechanical coupling of the alternator. The displacer response, while similar, is slightly attenuated.

The system quickly settled to steady-state operation with the 20_ load connected, then 18 sec later, the same
load was switched out (Reading:. 28). Figures 5-2.a and b show the voltage and total current responses to
switching out the 20_ load. The amplitude envelopes of the switch-out event are, in each case, symmetrical
with those of the switch-in event.

A resistive transient initiated at a high power operating point is shown in Figures 5-3.a to f. The

engine/alternator was operating at a mean pressure of 12.5 MPa, temperature ratio of 2.0 and piston
amplitude of 9 mm with the alternator capacitor tuned (Data F'de: 121793, Reading 57). The operating
frequency at this point is 95 Hz (vs 62 Hz at 5 MPA). This, combined with the higher piston amplitude,
results in higher amplitudes for the voltage and currents.

The transient response of this event is generally similar to those shown in Figure 5-1. The period of the
amplitude oscillation is shorter, namely, 0.27 sec. compared to 032 sec. for the low pressure transient. The



amplitude of the voltage transient is approximately the same. The transients converge to the initial voltage
and total current within 1 sec which is beyond the time period of the acquited data.

5.2 1/3 HI" Motor Transients:

The first attempts to start the 1/3 HI' motor resulted in stalling the SPRE. Figures 5.4.a through e show the

voltage, current, piston and displacer responses to connecting the motor. The motor was engaged with the
engine operating at a mean pressure of 5 MPa, temperature ratio of 2.0 and piston amplitude of 8.8 ram.
Load voltage was 110 Vrms and frequency was 62 I-Iz (Data file: 063093, Reading 32). The motor relay
dosed at a non-zero voltage, at 0.12 sec. in F'_,ures 5-4. The inrush current doubled the total current, as
seen in Figure 5.4.c, for a few cycles, and overloaded the FPSEfl.A such that it stalled before the motor
could start. The apparent clipping in the auxiliary load current, Figure 5-4.b, was due to saturating the
TDAS A/D converter. Although the motor began to rotate, the FPSEfl..A stalled before the motor reached
the starting coil cutout speed. The relatively faster decrease in the piston amplitude, as compared to that of

the displacer, is indicative of an overloaded FPSE/LA.

The 1/3 HP motor's start coil was modified by the addition of a series, 120/Jf capacitor. This substantially
reduced the starting current when connected to a constant voltage source. This configuration was tested with
the FPSEfLA on 11/18/93. Figures 5-5.a through g show the FPSE/LA responses. The motor was engaged
with the engine operating at a mean pressure of 5 MPa, temperature ratio of 2.0 and piston amplitude of 8.9
mm. Load voltage was 110 Vrms and frequency was 62 Hz (Data file: 111893, Reading 33). The motor
relay dosed slightly before a voltage zero-crossing, at 0.12 sec. in Figures 5-5. The motor started but caused
severe transients in the voltage, current, piston and displacer amplitudes. In fact, had the over-stroke
protection been enabled, a shutdown would have resulted.

The load voltage amplitude, Figure 5-5.a, dropped 50 V at 4 cycles after engaging the motor. The parasitic
load control responded by reducing load, as indicated by a drop in total current, F'_,ure 5-5.c. At about the
time the voltage had recovered the motor speed was sufficient to disengage the starting coil, as indicated by
the current discontinuities. After several more cycles the voltage amplitude peaks at 250 V, then oscillates to
a steady amplitude sometime after the I sec. time window of the data. The piston (Figure 5-5.d) and
displacer (F'_,ure 5-5.e) amplitudes roughly track the voltage transient. The clipping in F'g,,ures 5-5.d and e is
imposed by plotting limits. Figures 5-5.f and g show the same data with an expanded time scale and larger
amplitude scale. The peak piston amplitude is beyond the maximum amplitude and the calibrated transducer
range. However, there is no clear indication of the piston hitting mechanical limits. The displacer appears
to have hit the mechanical in-stop (maximum positive position) and out-stop.

$.3 1/(; HI' Motor Transients:

The first attempts to start the 1/6 HP motor start resulted in stalling the SPRE. Figures 5-6.a through e
show the voltage, current, piston and displacer response to connecting the motor. The motor was engaged
with the engine operating at a mean pressure of 5 MPa, temperature ratio of 2.0 and piston amplitude of 8.8
ram. Load voltage was 110 Vrms and frequency was 62 Hz (Data file: 071393, Reading 26). The motor

relay closed at a non-zero voltage, at 0.12 sec_ in Figures 5-6. The inrush current, which approximately
doubled the total current for a few cycles, as seen in Figure 5-6.c, did not overload the FPSE/LA as it had
with the 1/3 HI" motor. The clipping in the auxiliary load current, Figure 5-6.b, was due to saturating the
TDAS A/D converter. The motor appeared to reach the starting coil cutout speed, as indicated by the
current discontinuities at 0.3 to 0.35 sec. The total current amplitude peaked at over 100 A for 1.5 cycles.
The clipping in Fig. 5-6c was due to the choice of y-axis scaling, for comparison with Fig. 5-7c. This is
indicative of the emergency load relay dosing to shut down the engine, and occurred slightly after the piston
and displacer amplitudes rose to the point of triggering a shutdown. The start cell cut-out coincided with the
voltage recovery by the load control, resulting in considerable voltage overshoot. This in turn resulted in

over-stroke of the piston and displacer, which in this case triggered an engine shutdown.
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A second attempt to start the 1/6 HP motor at the same conditions was successful (Data file: 071393,
Reading 28). Figures 5-7.a to e show the system response plotted on the same axes as in F'_,ures 5-6.a to e.
The piston and displacer amplitudes in this case exceeded those for Reading 26, and so a shutdown should
have occurred. The fact that the system continued to run and the motor completely started was probably
due to a procedural error which left the emergency shutdown disabled after restarting the engine. This

motor start is replotted in F'_mres 5-8.a to e, with a longer time scale. While steady operation has not been
achieved, the system is dearly converging. The motor voltage vs current, Figure 5-8.h, shows the first second
of the starting event, in which the motor is still coming up to speed. Also plotted are 4 cycles of data taken
I to 2 seconds later, although this is not distinguishable from the end of the transient and is replotted in
F'_gure5-8.g. This indicates that the motor was near steady-state speed within 1 sec., though it may have
taken another second to completely converge.

The motor ran for about 4 min. during which a steady-state reading (#29, included in Appendix B) was
obtained. Then the motor was disengaged (Reading 30). The system response, shown in Figures 5-9.a to e,

is typical of all motor stop events. Other than the auxiliary load current dropping to zero, there was very
little disturbance in load voltage, total current, piston amplitude or displacer amplitude.

The 1/6 HP motor's start coil was modified by the addition of a series 60/_f capacitor. This substantially
reduced the starting current when connected to a constant voltage sottrce. This configuration was tested with
the FPSE/LA on 11/18/93. Figures 5.10.a through g show the FPSE/LA responses. The motor was

engaged with the engine operating at a mean pressure of 5 MPa, temperature ratio of 2.0 and piston
amplitude of 8.9 mm. Load voltage was 110 Vrms and frequency was 62 Hz (Data fde: 111893, Reading 26).
The motor relay dosed slightly before a voltage zero-crossing, at 0.12 sec. in Figures 5-10. The motor
started, but it caused severe transients in the voltage, current, piston and displacer amplitudes. A previous
start (Reading 23) at the same operating conditions caused the engine to stall. The over-stroke protection
was disabled for this start (Reading 26).

The load voltage amplitude in Figure 5-10.a dropped 25 V in 4 cycles after engaging the motor. The
parasitic load control responded by reducing load, as indicated by a drop in total current shown in F'_ure 5-
10.c. At the time of voltage recovery the motor speed was sufficient to disengage the starting coil However,
current discontinuities in this test do not give a clear indication of the coil disengagement. After several

more cycles the voltage amplitude peaked at 200 V, then oscillated to a steady amplitude sometime after a 1
sec. time window of the data. The starting current in this case, Figure 5-10.b, is roughly half that of the
motor without a start capacitor, (Figure 5-7.b). The piston (Figure 5-10.d) and displacer (Figure 5-10.e)

amplitudes roughly follow the voltage transient. The peak piston amplitude is dose to the maximum
amplitude, but there is no clear indication of the piston hitting mechanical limits. The displacer amplitude is
also dose to the mechanical in-stop (maximum positive position), but a hit is not obvious. The motor

voltage vs. current in Figure 5-10.h shows the in'st second of the starting event in which the motor is still
coming up to speed. Also plotted are 4 cycles of data taken 1 to 2 seconds later. However, this is not
distinguishable from the end of the transient, and is replotted in Figure 5.10.g. This is indicative of near
steady-state speed operation within 1 to 2 seconds.

5.4 1/_ HI' M0tor-Fan Transient_:

A 1/5 HI' motor-fan normally used for instrument rack cooling was tested with the SPRE on 12/17/93. This
was the only motor tested with a useful load. Major differences in this motor from the 1/3 and 1/6 HP
motors were that it included a 6/af capacitor in series with the high impedance coil which was continuously

connected to line voltage. Also, the fan added both inertia and load to the inertia and friction of the motor.
Figures 5-11.a to e show the voltage, current, piston amplitude and displacer amplitude responses to starting
the motor-fan (Data Fde 121793, Reading 18). The "starting" coil configuration apparently had a profound
effect on the starting characteristics, since the motor-fan start had significantly less impact on the system than
even the slightly smaller, unloaded 1/6 HP motor. The motor-fan voltage vs current, Figure 5-11.f, shows

11



thefirstsecondof the starting event in which the motor is still accelerating. Also shown is 4 cycles of data
taken 1 to 2 seconds later. This indicates that the motor-fan took more than I sec. to approach rated speed,

but steady operation was achieved in 1 to 2 seconds. Also, the running current amplitude dropped to less
than half of the peak starting current.

6.0 Conclusions ud Recommendations

The transient tests of NASA's SPRE represent a significant accomplishment in the development of a useable,
stand-alone Stirring power system. The tests showed that the control system could maintain constant long

term voltage and stable periodic operation over a large range of engine operating parameters and for various
loads. However, modest resistive load changes were shown to cause relatively large voltage and, hence,

piston and displacer amplitude excursions. Also, the starting current and characteristics of typical small
induction motors were shown to cause large and, in some cases, deleterious voltage transients. The tests
underlined the fact that for a stand-alone power system, FPSE/LAs need either more effective controls or a

power conditioning system which isolates the FPSE/LAs from load transients.

Given the computational capability of state-of-the-art digital control systems, it is probable that an advanced

parasitic load control could be developed. Such a control can substantially reduce or eliminate voltage
transients in FPSEfl.,A power systems due to user load transients.

Perhaps the greatest contribntion these tests have made to the FPSE/LA technology is that they provide a
large body of transient dynamic data for a well documented engine. The data will be useful for validation of
transient and dynamic analyses.

The following are specific conclusions and recommendations for furthering the understanding of a FPSE/LA

power system.

In the course of planning the SPRE Load Interaction Tests and designing improved load controls for the test
facility, a simplified non-linear model of the FPSE/LA and controls was developed. A resistive parasitic load
control and a resistive auxiliary load were modelled. The behavior of the system model was qualitatively
similar to the measured dynamics. However, detailed quantitative comparisons have not been made. The
model was used to evaluate various control parameters. Which parameters were not optimized over the full

range of engine operating conditions. Finally, a similar model developed for another project has shown that
the addition of derivative feedback can substantially reduce voltage overshoot. Future analytic tasks relating

to the general FPSE/I.A system model include:

Validation of the model, using resistive transient data. Improvements to the FPSE/LA system
model may be necessary to obtain reasonable agreement.

• Evaluation of the addition of derivative feedback to improve short term transient response.

• Optimization of feedback control parameters for the full range of FPSE/LA operating conditions.

It will be valuable to follow-up predicted improvements with experimental verification. Also, testing of
various combinations of control parameters and alternative algorithms would be facilitated by replacing the
current analog-digital voltage control with a digital computer control. Experimental tasks relating to the
general understanding of FPSE/LA system transient behavior and controls include:

• Replacement of hybrid analog-digital control with digital computer control.

• Testing of refmed and optimized control identified in the analytic tasks.

12



Someof themoredramaticand,therefore, interesting tests involved starting the various motors. The tests

showed that the system behavior for various motors of similar power rating could be quite different.
Analytic tasks relating to the interaction of motors with the FPSE/LA system include:

Modeling the transient elearo-mechanical dynamics of the FPSE/LA-motor system. In general, this
will require characterization of the various motors.

• Validation of the models, using motor transient data.

These tests treated the motors as "black boxes," and only the supply voltage and current were measured.
Instrumentation for motor speed, torque and start coil current could improve understanding of system
interactions. Experimental tasks relating to the interaction of motors with FPSE/LA systems include the
following:

Improved motor instrumentation. Speed and start coil current measurements could be easily added
to the test motor(s). The speed transducer should have a continuous output, measurable with a
high-speed TDAS channel. Motor torque measurement would also be a useful, but relatively costly
addition.

Motor tests, particularly of the 1/5 HP motor-fan, would benefit from taking data with a time
window of 2 to 3 sec. compared to 1 sec. used-to-date. This is within the capability of the
PC/TDAS hardware and would only require minor software changes.

Test 1/3 and 1/6 HP motors with the start switch jumper dosed. This will eliminate the disruption
of discouneaing the start coil from the transient. A further option will be to manually disconnect
the start coil after the system has stabilized. These tests would separate the effects of the control
response from the influence of the start coil discontinuity, observed in the tests described earlier.
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APPENDIX - A

Test Data Summry Tables

The following tables are brief summaries of the recorded data. The header indicates the date f'd¢ name,
channel assignment file name, test title and report date. The fast column contains the reading number
(Rdg) and the number of single scans OPts) obtained for this reading, The tabulated data is the average of
all scans for the reading,. Since, for most steady-state readings, 5 scans were recorded for each data point,
these points are typically numbered XX.05 and the average is over 5 individual scans. Readings with 2 scans

(numbered XX.02) are in most cases transient points since a steady-state reading is recorded before and
after triggering the transient. In this case the average may have little or no significance. The second and
third columns are the date and time at which each reading was started. The remaining columns contain
data.

Readings marked with a t are transient data points, several of which have been plotted in the "Transient
Results" section. Readings marked with a (*) are included in Appendix - B, "Steady-State Data Points."

Appendix A contains 2 sets of summaries for each test. One set lists the overall engine performance and
dynamic parameters, while the other set lists the ahernator parameters.

Table A-1 Summary Table Definitions

Label Unit_
Pmean Pa

Freque Hz
trtow K/K
Xp mm
Xd mm

Ialt Amps
Vadd Volts

pvpst kW
pwadd kW
Kwalt Kw

Vsp volts
etapvh --
cap uf
rload ohms

phasld deg

Descrintion
Absolute mean engine pressure
Engine frequency (from dynnamic channel)
Heater/Cooler temp ratio
Power piston position

Displacer position
AC Alternator current

AC Load voltage
Piston PV power
Total load power
Alternator load power (by Clark-Hess instrument)
Load control set-point
PV efficiency (based on heat input Qin)

Tuning capacitor
Load Resistance

Load Phase, (between vadd.p and ialt.p)

Extended labels (.a, .p & .r) denote an ampfitude (.a), phase (.p) or root-mean-square (.r) for that

parameter.
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APPENDIX - B

Steady-State Data Points

This appendix contains DAS reports of measured and calculated data for several selected readings for tests
from 6/30/93 to 12/17/93.

The data and calculated results summarized in this Appendix constitute the key information recorded during
the tests on the SPRE.

For each reading the average and precision values are calculated. In the DAS reports the calculated

precision values are the 90% confidence limits (90%.d) of the mean values. That is, there is a 90%
probability that the true mean will fall within this tolerance. This tolerance does not account for uncertainty
due to instrument bias or calibration errors, which are thought to be less than 1% for most measurements.

A copy of the channel assignment file is included for reference. A listing of the calculation subroutine is also
included. The subroutine is written in C language. However, once an understanding of pointers is grasped,
the calculations are reasonably easy to interpret.

Table B-I Measured Dynamic Channel Definitions

Label Units

Xp mm
Xd mm
Pcs Pa
Pes Pa

Padgs Pa
Ppgs Pa
Pfdgs Pa
lalt Amps
Valt Volts

Vadd Volts

Vcap Volts
laux Amps

Des.-Ti_tion

Power piston position
Displacer position
Compression space pressure
Expansion space pressure
Aft displacer gas spring pressure
Power piston gas spring pressure
Fwd displacer gas spring pressure
AC Alternator current

AC Alternator terminal voltage
AC Load voltage
AC Tuning capacitance voltage
Auxiliary load current
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Table B-2 Measured Steady-State Channel Definitions

Label

Freque

Freq
Pmean

dPdbrg
dPpbrg
Perderr

Xpar
Xdar
Kwsmh
Kwssh
Kwalt
Kwaltb

Kwlddc
Kwalts
Fleh
Flec
Flac
Flcwt
Tzero
Toven2
Toven3
Toven4
Tehi
Tehid
dTeha
dTeh
Teho
Tehod

Teci

Tecid

dTeca

dTec

Teco

Tecod

Taci

dTac

Taco

Tcwli

Unit_
Hz
Hz
Pa
kPa
kPa

m

m

Kw
Kw
Kw
Kw
Kw
Kw

l/s
l/s
l/s
l/s
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

Descrietion
Engine frequency (from dynnamic channel)
Engine frequency (from frequency-dc convener)
Absolute mean engine pressure
Displacer bearing dP
Piston bearing dP
Period error ratio

Rms Piston amplitude
Rms Displacer amplitude
Salt main heater power
Salt sump heater power
Alternator load power (by Clark-Hess instrument)
Alternator load power (by F.W. Bell instrument)

Load DC power
Starter power
Engine Heater Flow
Engine Coolant Flow
Alternator Coolant Flow
Total Coolant flow
Ice Point reference

Thermocouple Oven 2 reference
Thermocouple Oven 3 reference
Thermocouple Oven 4 reference

Engine heater inlet temp (-dTeha)
Engine heater inlet temp (-dTeh)
Engine heater out delta temp (Teho-Tehi)

Engine heater delta temp, Tehod-Tehid
Engine heater outlet temp (+ dTeha)
Engine heater outlet temp (+ dTeh)
Engine coolant inlet temp (-dTeca)
Engine coolant inlet temp (-dTec)
Engine coolant delta temp (Teco-Ted)
Engine coolant delta temp (Tecod-Tecid)

Engine coolant outlet temp (+ dTeca)
Engine coolant outlet temp (+ dTec)
Alternator coolant outlet temp (-dTac)
Alternator coolant delta temp (Taco-Taci)
Alternator coolant outlet temp (+ dTac)

Load coolant inlet temp
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Table B-2 (continued) Measured Steady-State Channel Definitions

Label
dTcwl

dTcwsl

dTectp
dPdbf

dPpbfg
Peci
Peco
Paci
Paco

Pcwpi
Pspalr
Pdbrgs
Ppbrgs
Pbrgri
Pstreg
dPcwp
Vdc
Idc
Tcs
Tcs2

Tfdgs
Tadgs
Tpgs
Tpgs2
Tes
Tes2
Tes3
Tes4
Thwld
Thwld2

Tcyl
Talt

Tgc 
Tgcr2
Tjrsrf
Tsesrf
Tsbsrf
Tesrf
Tesrf2

Units
C
C
C

mv

mv

Ida
Ida
kPa
Ida
Ida
kPa
MPa
MPa
MPa
MPa
kPa
Volts

Amps
C
C
C
C
C
C
C

C

C
C
C
C
C
C

C
C
C
C
C

Desqriptipn
Load coolant delta temp
Series Load coolant delta temp
Engine coolant delta junction type-T Thermopile
Displacer bearing flow differential pressure
Piston bearin8 flow differential pressure
Engine coolant inlet pressure
Engine coolant outlet pressure
Alternator coolant inlet pressure
Alternator coolant outlet pressure
Cooling water pump inlet pressure
Salt pump cooling air
Displacer bearing supply
Piston bearing supply

Bearing return (boost pump in)
Regulated supply pressure
Cooling water pump delta
DC Load voltage
DC Load current

Compression space temp.
Compression space temp.

Piston gas spring temp. (position sensor # 1)
Piston gas spring (position sensor # 2)
Piston gas spring (position sensor # 1)
Piston gas spring (position sensor #2)
Expansion space closure head 33 deg position
Expansion space closure head bottom
Reserved NOT used
Reserved NOT used
Reserved NOT used
Reserved NOT used

Piston cylinder temp.
Alternator outer stator lamination temp.
Regenerator/cooler plenum temp.
Regenerator/cooler plenum temp.
Joining ring surface temp.
Spool engine end surface temp.
Spool balancer end surface temp.

Expansion space outer surface (near heater)
Expansion space outer surface (lst closure)

108



Table B-2 (continued) Measured Steady-State Channel Definitions

Label
TesrC3

Tg_
Tghx2
Tghr3
Tghr4
Tascyl
Tkman
Tkman2
Tkman3
Tctws
Tctwr
Tcwhei
Tcwheo
Tcwc

Tbrgr
Tdbrgs
Tpbrgs
Tsresa
Tsresb
Disz
Velx

Vely
Velz
Accx

Accy
Accz

Vsp
Mtrspd
Patm

[Jnit_
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
m

m/s
m/s
m/s
m/s_
m/s_
m/s_
volts
RPM
Pa

Description

Expansion space outer surface (center of backup closure)
Heater/regenerator plenum
Heater/regenerator plenum
Heater/regenerator plenum
Heater/regenerator plenum
Aft displacer spring cylinder temp.
Kayman rack ambient
Kayman box temp.
Kayman SE-13 ambient
Cooling tower water supply
Cooling tower water return
Cooling water exchanger in
Cooling water exchanger out
Cooling water control
Bearing return
Displacer bearing supply
Piston bearing supply
Regenerator Surface Temp.
Regenerator Surface Temp.
Lateral case displacement
Axial case velocity
Vertical case velocity
Lateral case velocity
Axial case acceleration
Vertical case acceleration
Lateral ease acceleration

Load control set-point
Motor speed
Abs. atmospheric pressure (eonst)
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TableB-3 ConstantParameterDefinitions

hhel
Drod
Dfds
Dads

Dpist
Ddisp
Mdisp
Mpist
Mcase

akmag
¢hm

apist
aads
afds
arod

Table B-4

tehw

tecw

trtow

tehf
tecf
tclna
trtof

trtec

pvpst
pwalt
pwacld
palts
etcrno

etapvh
etapvc
etalt

etsys
dsfrq
xdrp

Units
m
In

m

m

m

l,g

n/m

m"2
m'2
m"2
m"2

Description

Displacer rod diameter
Fwd displacer spring piston diameter
Aft displacer sprin8 piston diameter
Power piston diameter
Displacer seal diameter
Displacer mass
Power piston mass
Case mass

Alternator magnetic stiffness
Salt loop mixer coefficient
Coolant loop mixer coefficient
Power piston area (calculated)
Aft displacer spring area (calculated)
Fwd displacer spring area (calculated)
Thermodynamic rod area (calculated)

Calculated Results Definitions

Units
C
C

l</X
C
C
C

K/K

kW
kW
kW
kW

Hz

ram/ram

Dcserlpti0n

Heater wall temperature
Cooler wall temperature
Heater/cooler temp ratio
Heater fluid temperature
Cooler fluid temperature
Coolant fluid temperature
Heater/cooler fluid temp ratio

Piston PV power
Alternator terminal power
Total load power
Alternator shaft power
Carnot efficiency
PV effidency (Oin)
PV efficiency (Orej)
Alternator efficiency

System efficiency (Oin)
Design frequency at operating pressure
Displacer/piston amplitude
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Table B.4 (continued) Calculated Results Definitions

Label Units

xdspet
vpa m/s
vda m/s
xca

xcph deg
pwads kW
pnads kW
akads him
cads u-s/m
phads deg
pwfd kW
pnfds kW
ald'ds n/m
cfds n-s/m

phfds deg
pvpsn kW
pwaps kW
pnaps kW
akaps n/m

caps n-m/s
phaps deg
pci MPa
pcphi deg
pea MPa
peph deg
dpa MPa
dpph deg
pcpm --
pratio ---
dtslt C

qeh kW
qec kW
qac kW
dtffh C

flehc l/s
dpchm kP,

pwrehm kW
dpecm id',
pwrecm kW

Description
Xd/Xp'sin(phld)* etcrno
Piston velocity ampfitude
Displacer velocity amplitude
Case amplitude
Case phase with respect to Xp
Aft displacer spring pwr. loss
Aft displacer spring pwr. loss (normalized to 10mm amplitude)
Aft displacer spring stiffness
Aft d_placerspring damping coefficient
Angle (Aft displacer spring press, vs. voL displacement)
Fwd. displacer spring pwr. loss
Fwd. displacer spring pwr. loss (normalized to lOmm amplitude)
Fwd. displacer spring stiffness
Fwd. displacer spring damping coefficient
Angle (fwd. displacer spring press, vs. voL displacement)
Normalized PV power
Piston spring power loss
Normalized power piston spring loss

Piston spring stiffness
Piston spring damping coefficient
Angle (piston spring press, vs. vo]. displacement)
Ideal pressure amplitude
Ideal pressure phase
Calc. expansion space pressure amplitude
Calc. expansion space pressure phase
Calc. heat exchanger pressure drop amplitude

Calc. heat exchanger pressure drop phase
Pressure amplitude / mean pressure
Max/rain pressure ratio
Salt differential temp.
He_t input to engine heater
Heat rejected by engine cooler
Heat rejected by alternator cooler

Heater fluid fdter temperature differential
Corrected heater flow rate

Heater liquid press, drop
Heater liquid flow loss
Cooler liquid press, drop
Cooler liquid flow loss

Note." phid - Phase angle between displacer and power piston
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Table K.4 (continued)

Leb_!
qbleng
qblalt
qblsys
dtffc

tqin
tqrj
pwrfcd
p_fcp
pwdrd
pwtds
pwpmp
falta

faltph
bake

palos
cap
aind
baltm

pwdcas
pwpmpn

prwprm
rhoslt

cpslt
mnslt
rhocl

cpcl
mud

prncl
rload

phasld

Calculated Results Definitions

Units

C
C
C

x/m
1/m
kW
kW
kW

n

deg
V-s/m
kW
uf
mH

N/Amp
kW

kW
kW

kW.s/kg-C
..o

kgll
kW.s/ks-C

ohms

deg

Desc_ ,
Engine e_ergy balance ratio
Alternator energy balance ratio

System energy balance ratio
Cooler liquid fdm temp. differential
Avg. cooler inlet temp.
Avg, coolaat temp.
Displacer pressure factor
Piston pressure factor
Compression space to displacer rod power
Total displacer gas spring loss
Displacer pumping power
Alternator force amplitude
Alternator force phase
Generated voltage/pwr, piston velodty
Alternator power loss
Tuning capacitor
Effective all inductance

Electrical force/current

Displacer to case power transfer
Normalized displacer pumping pwr.

Power parameter (see "CLNSPRE.C" listing)
Salt density
Salt specific heat
Salt viscosity (see "CLNSPRE.C" listing)
Coolant density
Coolant specific heat
Coolant viscosity (see "CLNSPRE.C" listing)
Coolant Prandlt No.
Load Resistance

Load Phase, (between vacld.p and ialt.p)
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SPRE PCrrDAS Bu_td 13, Report Date: Fri Jut 1S 14:10:16 1994

DstaFite: 063093.dta ChenFite: chspreOS DATE: 06-30-93 TINE: 10:06:48

Avg of 5 RdgNs: 26.*

DYKJU41CDATA, f_cyc: 4, nsam: 257

liD, Name, Neon, AMpL! tude, Phase, THD, IrKS

1 Xp - 1.6018e+00 8.0362e*00 0.000 &.6&77e-D2 S.GMTe+O0

90Z.cL tS.Se-O2 tl.Se-O2 tO.O00 tS.Te-03 tl.2e-02

2 Xd 1.0731e*00 8.20Me*O0 72.129 4.6299e-02 5._00

90_.cL _6.2e-02 t.3.6e-02 20.544 s&.?e-03 s2.6e-02

3 Pcs 1.2576e-04 &.7018e-01 -11.457 6.5294e-02 3.3318e-01

90X,cL tT.8e-03 t1.3e-03 tO. 164 t6.6e-03 tS.Se-04

& Pes -2.8623e-03 &.8005e-01 -1&.539 6.99_6e-02 3.&O26e-01

90Z.ct t2.Se-03 t4.1e-03 t0.506 _4.2e-03 t2.Qe-03

5 Padgs -3.7516e-02 5.SS6Se-Ol 73.802 7.0964e-02 3.9389e-01

90_.c! tl.1e-02 t2.0e-03 s4).605 t6.0e-O3 t1.3e-03

6 Ppgs -1.9196e-03 1.6992e-01-178.019 4.6363e-02 1.2028e-01

90¢.cL t7.Oe-03 t2.Oe-04 t0.053 t4.3e-03 t1.5e-04

7 Pfdgs -6.0829e-03 5.8208e-02 -97.385 6.4425e-02 &.1246e-02

90X.ct tT.9e-03 tT.3e-04 t0.589 tT.9e-03 _5.3e-04

8 latt 2.6516e-02 2.8865e+01 90.746 5.5MTe-02 2. O&43e+01

90Y..ct t2.1e-Ol i9.8e-02 t0.371 _5.3e-03 t6.Se-O2

9 VoLt 2.2Z3_e-01 1.7334e+02 56.370 5.3265e-02 1.2275e+02

90¢.cL tl.2e+O0 t6.4e-01 t0.351 tS.Se-03 t&.Te-01

10 Vactd 8.5713e-02 1.&194e+02 89.%2 5.5063e-02 1.0052e+02

90Y.. ct t9.Se-01 t4.Se-01 t0.370 tS.&e-O3 i3.2e-01

11 Vcap 2.1541e-01 9.&482e+01 0.108 &.7235e-D2 6.6884e+01

90¢.ct t&.6e-01 t2.7e-01 t0.051 ::5.8e-03 tl.ge-Ol

12 laux 7.9797e-04 O. OOOOe+O0 0.000 O. O000e+00 2.7769e-03

90¢.c L t1.7e-04 _O.Oe_O tO.O00 20. Oe+O0 t2.2e-04

STEADY STATE DATA

Freque Freq Iqaea_ dPdbr9 dPId_g Perderr Xper Xdar Kus_

6.2083e+01 6.2112e+01 5. O2S2e+O0 1.1458e_03 1.1758e+03 3.3786e-01 8.0251e-03 8.0819e-O& 2.3090e+01

s&.2e-02 s4.1e-02 tS.le-03 _6.4e+00 s2.1e+O0 t4.&e-O& tl.0e-05 tl.ge-06 tl.3e+01

Kussh Kuatt KuaLtb Ku|cldc KuaLts FLeh FLec FIst Fict_

-8.8770e-03 2.0750e+00 2. O&lOe+O0 2.0541e*00 6.2012e-04 1.1951e+00 1.1241eH)0 5.1466e-02 1.1638e+00

tO.Oe+O0 ¢3.9e-03 t3.&e-O2 t2.9e-03 tS.Oe-03 tl.6e-03 t&.&e-02 tl.Se-03 t4.0e-02

Tzero Toven2 Toven3 Toven4 Teh J Teh id dTeh8 dTeh Teho

O.O000e+O0 6.6017e+01 6.52&2e+01 6.&846e+01 3.0&?3e+02 3.0451e+02 -3.03Me+O0 -2.5294e_0 3.0137e+02

tO.Oe+O0 tl.3e-01 tT.Te-02 tT.2e-02 tl.2e-01 t2.1e-01 tT.ge-o2 t3.6e-02 tl .Se-01

Tehod Tec J Tec i d dTeca dTec Teco Tecod Tac | dTsc

3.0177e*02 1.29_e+01 1.2204e*01 1.8107e_00 1.7710e*00 1.5253e+01 1.3_51e*01 1.M33e*01 1.5324e*00

tS.Se-02 t8.2e-02 tl.2e-01 t6.0e-O2 tT.Se-02 tl.le-01 tl.4e-01 t2.1e-01 tS.Se-02

Taco Tcut J dTcu| dTcus t dTectp clSdbf dPId_g Pe¢t Peco

1.52&3e+01 1.4010e+01 5.5180e-01 O.O000eH)O 1 ._60e-03 1.2594e_03 1.7616e_3 2.327_Se+02 1.3082e*02

t2.1e-Ol tl.3e-01 tl.Te-Ol tO.Oe+O0 tl.Se-05 tt.Se+O0 t1.2e+01 t1.7e+01 t9.ge_o

Pa¢| Pro Pcup| Psl_i r Pdbrgs PIplxls Pbrgr| Pstreg clPc_p

O.O000e+O0 1.0826e+02 -2.3T21e*01 2.3768e+01 S.M99e+O0 6.03S5e+00 4.8682e*00 1.6078e*01 &. 9320e+05

tO. Oe+O0 t8. le+O0 t2. Oe+O0 iS. 2e-02 t2.9e-03 tl .&e-02 tl. 2e-02 t5.2e-02 t3.3e+O_

Vclc Iclc Tcsl Tcs2 Tfdgs Tlu:igs Tpgsl Tpgs2 Tesl

1.0016e-01 O.O000e+O0 O.O000e+O0 1.2706e*01 0._ O. O000e4_O 2.18S2e*01 O.O000e+O0 2.921 le*02

t6.ge-05 tO. Oe+O0 tO. Oe+O0 tS.6e-02 tO. Oe+O0 tO.Oe+O0 tl .ge- 01 tO. Oe+O0 tl .Te-01

Tes2 Tes3 Tes4 Thu Ldl Thwtd2 TcyL To Lt Tilcrl Tocr2

2.9313e+02 O. O000e+O0 O.O000e*O0 1.2876e+02 8.S&54e+01 2.1934(-01 1.9984e+01 1.2336e+01 1.58&Be+01

t2.1e-01 tO.Oe+O0 tO.Oe*O0 t1.6e-01 t1.ge-01 _2.6e-01 tl.3e-01 tl .le-01 tl.&e-01
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SPRE PC/TDAS Buitd 130 Report Date: Fri Jut 15 14:10:16 1994

OataFJte: 063093.dta ChanFite: chspre05 DATE: 06-30-_ TIME: 10:06:48

Awj of 5 RdgNs: 26.*

STEADY STATE DATA

oo........ .......

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2 tesrf3 Tghrl Tghr2 Tghr3

2.0949e+01 2.2291e+02 4.7856_01 2.7428e+02 2.4585e+02 2.4334e+02 O.O000e+O0 O.O000e+O0 0.0000_00

tl.5e-01 t1.1e-01 sl.0e-01 tl.2e-01 s2.1e-01 s.3.2e-01 20.Oe+O0 sO.Oe+O0 _O.Oe+O0

Tghr4 Tascyt Tkmanl Tkaan2 Tklmn3 Tctws Tctur Tctihei Tct+heo

O.O000e+O0 -6.9267e+01 2.4187e+01 2.5237e+01 2.1383e+01 6.W_4e+O0 6.1775e+00 5.1671e+01 9.73_e_00

sO.Oe+O0 tl.4e-01 _9.4e-02 _1.1e-01 tl.0e-01 _1.0e-01 t8.4e-02 21.7e-01 Sl.Te-01

Tcwc Tbrgr Tdl_gs Tpl)rirs Tsresa TlPesb Disz Ve|x Vely

1.2920e+01 2.1561e*01 3.0907e+01 3.8157e+01 3.0525e+02 3.0489e_02 O.O000e+O0 1.0426e-02 1.&805e-03

tl.Se-01 t7.1e-02 _1.4e-01 i1.1e-01 _1.8e-01 tl.4e-01 tO.Oe+O0 _6.4e-05 _2.2e-05

Vetz Accx Accy Accz Vsp Ntrspd Patm

O.O000e_O0 1.5598e*03 8.9788e-04 6.1771e-02 9.7312e_)1 O.O000e*O0 1.0000e+05

±O.Oe+O0 _2.2e-05 _2.8e-05 26.3e-05 tO.Oe+O0 tO.Oe+O0 sO.OetO0

CALCULATIONS, rev: ctnspre

tehw tec_ trtoM tehf tecf tc[na trtof trtec* II:l_l)st

3.0170e+02 1.4313e+01 1.9997e+00 3.0321e+02 1.3859e+01 1.3859e+01 2.0082e_00 O.O000e*O0 2.4099e+00

21.7e-01 i8.5e-02 _5.8e-04 xl.4e-01 27.5e-02 _7.5e-02 _5.7e-04 tO.Oe+O0 ,2.7e-02

p_alt ptdactd parts etcrno etapvh etapvc etalt etsys dsfrq

2.0648e+00 2.048_e*00 2.2450e*00 4.gg93e-01 2.Z324e-01 2.2004e-01 9.1977e-01 1.9128e-01 5.7880e*01

x1.Se-02 tl.3e-02 ,2.3e-02 s1.4e-04 t6.0e-03 sT.0e-03 t6.Se-03 _5.0e-03 t4.6e-02

xdrp xdspet vpa vda xca xcph luweds prmds akads

1.0212e*00 3.9048e-03 3.1347e+00 3.2013e+00 3.6438e-02 -1.7097e+02 1.0009e-01 1.4862e-01 2.6097e*05

_5.3e-03 _1.2e-05 24.6e-03 _1.$e-02 tl.0e-04 _4.4e-02 _4.2e-03 _P.6.6e-03 _6.9e+02

cads phads I_fds pnfds Ikfds cfds phfds FNpsn pwaps

l.g534e+01 1.8167e+02 6.8658e-02 1.0194e-01 2.8242e*04 1.3399e*01 1.9049e*02 3.7316e+00 1.5155e-01

tB.Te-01 t7.2e-02 23.5e-03 _5.3e-03 t2.9e+02 tT.1e-01 t5.Se-01 s4.ge-02 t4.2e-03

pros akaps caps phaps I_i* pc_i* pea* Pel_* dl_*

2.3467e-01 3.4788e+05 3.084_e+01 1.8198e+02 1.4972e-01 -1.6512e+02 4.6851e-01 -1.4928e+01 2.8478e-02

_6.6e-03 xS.6e+02 z$.5e*01 x5.3e-02 tS.2e-04 x7.Te-02 _1.4e-03 _1.7e-01 S2.Te-04

dpph* pcpm pratio dtstt* qehl qecl qac dtffh ftehc
7.3445e_01 9.3564e-02 1.2064e+00 O.O000e+O0 1.0798e_01 8.5474e+00 3.3105e-01 1.5082e*00 1.ZO76e_O0

_6.8e*01 sl.7e-04 ,4.3e-04 _O.Oe+O0 _2.7e-01 s3.3e-01 _3.8e-03 _3.9e-02 _1.0e*03

dipehm purehm dpecm wreon qbteng qbtatt qb|sys dtffc tqin*

1.1449e+02 1.3827e-01 5.0414e+01 5.6761e-02 1.0154e_00 9.94Z3e-01 1.0141e*00 4.5422e-01 7.6522e,_00

s3.1e-01 _5.6e-04 _3.9e*00 _6.6e-03 tS.3e-02 _7.2e-03 _5.4e-02 _1.8e-02 t2.1e-02

tqrj* i_rfcd pwfcp pudrd Ixrtds pq:mp fatta fa|tph INtte

5.0976e*00 -2.3794e+00 1.2157e_01 1.4475e-01 1.0875e-01 -1.0712e-02 1.1859e_07 -7.148.3e-04 4.5644e*01

_2.4e-02 _2.5e-02 _1.1e-02 s4.0e-04 t1.3e*03 _1.7e-03 _1.6e_04 _.3.3e-06 t2.&e-01

pettLs cap mind battm pudcas pq:xq=n prwpm rhostt cpsLt

1.8018e-01 7.8319e+02 8.5272e*00 4.1085e+05 1.3287eq)2 -1.5913e-02 9.789Be-03 1.8616e*00 1.5630e+00

_1.6e-02 _3.8e+00 _1.1e-01 _1.7e+03 _4.0e-05 _2.6e-03 _2.1e-05 _1.1e-04 _O.Oe+O0

mJstt rhoci cpci m_cl pr'nct

3.1327e+00 1.0011e*00 &. 1958e*00 1.203_)0 8.1218e*00

s3. le-03 ,1.2e-05 sT.Te-05 s2.3e-03 t1.9e-02

CONSTANTS

o**. .....

DR(X)

4.5720e-02

ehm

2.2727e-02

DFDS DADS DPXST DOlSP MDXSP

8.5126e-02 8.36(_>e-02 1.44_8e-01 1.1414e-01 1.6789e+00

ecm apist imds afds arod

2.2727e-02 1.6463e-02 3.8561e-03 4.0496e-03 1.9355e-04

NPIST

9.7420e'*00

MCASE

2.2930e+03

AJO4AG

1.32_0e-05
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SPRE PC/TDA$ 8uitd 13, Report Date: Fri Jut 15 14:10:16 1994

OataFiLe: 063093.dta ChanF|te: chspreO5 DATE: 06-30-93 TIME: 12:18:5t

Av9 of 5 RdgNs: 57.*

DYNAMXCDATA, ncyc: &, rlsam: 257
...** .......

liD, Name, Nean, Amp|itude, Phase, TIIO, RNS

1 Xp -9.1916e-01 8.0196e+00 0.000 1.0.62e-01 5.7017e+00

90X.cl s8.7e-02 25.3e-02 tO.O00 27.6e-03 24.te-02

2 Xd -1.&&OSe-01 8.9780e+00 76.306 1.0537e-01 6.M36e+O0

9OX.c| tl .&e-01 27.3e-02 t0.935 26.5e-03 25.3e-02

3 Pcs -3.8719e-02 1.2010e+00 -10.&80 1.1367e-01 8.S&69e-01

90Z.ct 21.2e-02 t_.?e-03 t0.191 29.8e-03 t.3.7e-03

& Pes -&.6242e-03 1.2&33e+O0 -15.26& 1.1670e-01 8.8515e-01

9OZ.ct 21 .le-02 t.3. Oe*03 20.222 t9.&e-03 22.&e-03

S Padgs 1.2287e-03 1.5349e+00 77.8_ 1.2229e-01 1.093J_00

90_.ct t2.6e-02 tl.&e-02 t0.953 28.1e-03 29.0e-03

6 Ppes -9.0156e-02 &.358&e-01-178.&15 1.0.28e-01 3.0986e-01

90X.ct 29.5e-03 23.1e-03 20.074 26.9e-03 22.3e*03

7 Pfdgs -2.9712e-02 1.6822e-01 -92.911 1.0868e-01 1.1965e-01

90_.cL 22.1e-02 tl.5e-03 t0.807 t8. le-03 _1.0e-03

8 laLt -1.2987e-01 6.&885e+01 91.30. 1.0543e-01 &.6135e+01

90g.cL _1. le+O0 s4.8e-01 t0.357 27.7e-03 23.&e-01

9 Vatt -8.1975e-01 3.8569e+02 33.201 1.0.65e-01 2.7422e+02

9OX.c[ t5._-+00 t2.9e+00 tO.&61 27.5e-03 22.3e+00

10 Vacid -8.7501e-01 2.0.60e+02 91.033 1.0529e-01 1.4547e+02

90g.ct 23.5e+00 tl.6e+O0 _0.353 t?.5e-03 _1. le+O0

11 Vcap 1.3356e-01 3.2359e*02 0.821 1.0.71e-01 2.3007e+02
90_.ct t3.0e+O0 22.9e+00 t0.166 27.&e-03 t2.2e_00

12 laux 8.0557e-0. O. O000e_O0 0.000 O. O000e*O0 2.7854e-03

90_. ct 21.9e-0. tO. Oe+O0 tO.O00 _O.Oe+O0 22.6e-0.

STEADY STATE DATA

Freque Freq Pmean dPdb,'9 dPpbrg Perderr Xper Xdor Ibmuh

9./_521e+01 9.&?29e+01 1.2496e+01 1.1391e+03 1.2156e+03 3.4342e-01 8.0235e-03 8.9187e-0. 1.3210e+00

_6.3e-02 28.0e-02 t2.&e-02 21 ._,+(} 1 21.4e+01 t4.&e-0. 21 .?e-O5 24.2e-06 22.0e-02

Kwssh Kwalt Kuttb Kwtddc Kmtts Fteh Ftec Ftac Ftcvt

-1.9529e-02 6.9203e+00 6.7633e_00 9.6_25e+00 -&.3&OSe-03 1.1795e*00 1.202_00 5.538&e- 02 1.2&66e+O0

29.2e-03 21. Oe- 02 24.6e- 02 _1.8e- 02 25.0e-03 22.5e-03 t 1.8e-02 28.9e-0. 21.6e- 02

Tzero ToverQ Tover_ Tove_ Teh i Tehid dTeha ciTeh Teho

O. O000e+O0 6.6025e_01 6.5237e+01 6.&840e+01 3.3400_02 3.3385e_02 -1.0859e+01 -1.035&e+01 3.220.e+02

tO.Oe+O0 28.2e-02 27.1e-02 23.6e-02 t2.3e-01 28.1e-02 21.1e-01 t7.1e-02 t6.&e-02

Tehod Teci Tec|d clTeca dTec Teco Tecod Tac i dTac

3.2330e+02 1.9963e+01 1.9376e*01 5.M3&e+O0 5.93&?e+O0 2.6431e*01 2.5170e+01 2.0765e+01 &.2006e+O0

21.7e-01 22.0e-01 21.7e-01 tl.&e-01 t9.&e-02 25.5e-02 28.1e-02 21.9e-01 21.0e-01

Taco Tcwt | dTcw [ dTars [ dTectp ciPdbf ciPpbf9 Peci Peco

2.&73_e+01 2.5075e*01 1.2709e+00 O.O000e_O0 S.M97e-03 1.3332e+03 2.2592e+03 2.60r_e_)2 1 .&Tr3e+O2

tt .Oe-01 21.3e-01 28.3e-02 tO. Oe+O0 27.5e-05 tT.0e+O0 22.&e+01 tT.&e4QO 23._

Pac i Pace Pct4)i Pspe| r Pdbrgs PFbrgs Pbrgri Pstreg dPcMp

O.O000e*O0 1.2277e*02 -2.6662e*01 2.335&e+01 1.3_0e+01 1.3536e*01 1.2305e+01 1.6126e401 S.5861e+05

20.Oe*O0 23.9e+00 28.1e-01 22.5e-02 26.1e-03 il.8e-02 22.1e-02 t1.0e-02 tl.&e+0.

Vdc ldc Tcsl Tcs2 Tfdgs Tadgs Tpgsl Tpgs2 Tesl

1._;97e-01 O.O000e+O0 O.O000e*O0 2.6739e+01 O.O000e+O0 O.O000e*O0 3.9222e+01 O.O000e_O0 3.1649e*02

tl .5e-0. zO.Oe+O0 20.Oe+O0 tl.3e-01 tO.Oe+O0 tO.Oe_)O 22.2e-01 20.Oe+O0 tl .5e-01

Tes2 Tes3 Tes4 Thvtdl ThvLd2 TcyL Tett Tgcrl Tgcr2

3.2762e+02 O. O000e+O0 O.O000e*O0 1.2671e+02 8.5070e+01 3.8095e+01 3.6419e+01 2.5560e+01 3.0857e+01

22.3e-01 tO.Oe+O0 tO.Oe_O0 21.1e-01 21.3e-01 22.6e-01 21.1e-01 21.7e-01 27.0e-02
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SPITE PC/TDAS Build 13, Report Date: Fri Ju! 15 14:10.-16 199,;

DataFJte: 063093.dta ChanFJte: chspreOS DATE: 06-30-93 TIME: 12:18:51

Avg of 5 RdgXs: 57.*

STEADY STATE DATA

.--. .... ...ol....

Tjrsrf TsesPf Tsl_rf Tesrfl Tesrf2 Tesrf3 Tghrl Tghr2 Tghr3

3.2823e+01 2.6852e+02 S._,01e+01 3.0285e+02 2.8904e_02 2.9580_02 O.O000e+O0 0._ 0._

t6.2e-01 t6.0e-02 t9.1e-02 t3.Te-01 t3.ge-01 sT.le-02 sO.Oe*O0 sO.Oe4_) tO.Oe_O0

Tghr4 Tescyt Tkxmnl Tlumn2 Tklmn3 Tctus Tctvr Tcbd_ei Tc_heo

O.O000e4_O -6.9322e_01 2.4199e+01 2.5342e+01 2.15S5e401 8.4095e+00 5.9019e+00 5.1668_01 1./_.+01

sO.Oe_O0 tB.4e-02 t1.1e-01 tl.6e-01 tl.0e-01 t2.3e-01 t4.4e-02 _6.8e-02 tl.2e-Ol

Tcec Tbrgr Td_rgs Tpbrp Tsresa Tsresb Disz Yetx Ve{y

1.99_e+01 3.5112e+01 3.2038e+01 3.6197e+Ol 3.31_d)e4_2 3.3121e_02 O.O000e_)O 9.6560e-03 8.1359e-04

tg.Te-02 t9.Se-02 tS.6e-02 tS.3e-02 t1.le-01 t1.Se-01 tO.Oe+O0 t2.Se-O5 tO.Oe+O0

Vetz Accx Accy Accz Vsp Wtrspd Pete

1.8653e-03 6.1335e-03 5.0195e-03 -6.2737e-02 1.&107e_02 -1.S625e-01 1.0000e+05

s2.Se-O5 _&.Se-G& t4.1e-O& tO.Oe+O0 ,.3.5e-02 dL_.3e-01 tO.Oe+O0

CALCULATXONS, rev: ctnspre
.o...o.... ....... ..o. ...... ..o.o

teh_ tecu trtou tehf tecf tctna trtof trtec* pvpst

3.2330e+02 2.4478e_01 2.0040e+00 3.2857e_02 2.2905e_01 2.2905e+01 2.0324e+00 O. O000e+O0 8.5722e+00

tg.6e-01 s2.Te-01 tl .Oe-03 _2.&e-01 t2.&e-01 t2.4e-01 t9.1e-04 tO.Oe_O0 sl.1e-01

I_a| t iXdOC|d IDa!ts etcrno etapvh etapv¢ @taL t etsys dsfrq

6.6119e+00 6.6378e*00 8.0_8e+00 5.0100e-01 2.2900e-01 2.2459e-01 8.2166e-01 1.7663e-01 9.1273e+01

t1.2e-01 t9.9e*02 t9. le-02 tg.Se-04 t4.2e-03 t3.Se- 03 sT. Oe-03 t4.3e-03 t8.6e-02

xdrp xdspet Vlpa vcla Xc8 _ I_ads pnads ekods

1.1195e+00 4.3698e-03 4.7678e+00 5.3376e+00 3.6196e-02 -1.69_e_02 4.2379e-01 5.2583e-01 6.5898e+05

t 1.4e-02 _.3.2e- 05 s3.3e- 02 _4.5e-02 t3.0e-O_ ll .4e-01 t4. Ie-03 tl. le-02 t 1.9e+03

cads I:hads pefds Imfds ekfds cfds i_fds _ peeps

2.9754e+01 1.8154e_02 3.&O16e-01 4.2195e-01 7.&5/_e_04 2.3876e_01 1.9078e*02 1.3330e+01 &.7299e-01

,6.1e-01 t3.0e-02 tl.0e-02 *6.7e-03 ,6.1e*02 t3.6e-01 t2.0e-01 t2.6e-01 tl.Se-02

pna_ _kaps caps I_aps pc|* Ix_h _* pea" pe_* d_"
7.3561e-01 8.9436e+05 6.1624e+01 1.8158e+02 1._886e- 01 -1.6320e+02 1.2038e_00 -1.6_2e_01 1.2510e-01

t3.&e-02 tl.0e_03 tl.9e_O0 t?.&e-02 tl._e-03 t2.&e-01 t4.2e-03 tZ.9e-01 t2.1e-03

dl=ph* pcpm prat Jo dts [ t* qehl qecl qac dtffh f |ehc

7.7852e_01 9.6106e-02 1.2127e_00 O. O000e+O0 3.7637e_01 2.9599e+01 9.73_3e-01 5.2654e+00 1.1929e_00

s9.6e-01 ,4. le-04 tl .Oe-03 sO.Oe_O0 t4.2e-01 tS.3e-01 tl.Se-02 s$._e-02 t2.6e-03

• _ purehm dpecm Ixarecm qbt eng qbtatt qbtsys dtffc tq|n*
1. (PP_2 1.3058e-01 S.MI(_*01 6.8330e- 02 1.0197e_00 8.8487e-01 9.f337e-01 1.5729_00 3.2761e+01

t4.Se-01 t8.Se-04 tl.Te_O0 t3.1e-03 tZ.3e-02 t&.le-03 t2.3e-02 tZ.Se-02 t2.0e-01

tqr j* I_rfcd purfcp Ix_lrd ll_l:ds pMpatp fat to to ! tph b_| te

2.35_9e+01 -2. O040e+O0 1.2315e+01 6.1933e-01 7.6395e-01 -9.2201e-02 2.T&92e_07 -7.9992e-04 &.2758e+O 1

tl .Oe-01 t1.7e-02 t2.&e-02 t3.9e-03 tl .le-02 tT.6e-03 t2. Oe+05 tl .le-05 t6.2e-01

pettts cap a_nd battm l:_dcas ptq_q_ prvpr_ rhostt cpsLt

1.&349e+O0 3.3730e_02 8.3689e+00 6.2372e_05 5.2_2e-02 -1.1635e-01 4.1435e-02 1.1_ 1.5630e+00

t4.ge-02 tS.0e_O0 d:1.&e-01 _5.7e+03 s3.6e-O_ tS.3e-03 tl .ge-G_ t1.8e-04 tO.Oe+O0

nusLt rlS_l _l nuct Ipr"nc t

2._Oe+O0 9.9930e-01 6.1876e+00 9.7639e-01 6.3151e+00

t_.0e-03 1:5.5e-05 t1.8e-04 t4.Se-03 t3.Te-02

CONSTANTS

DROD

&.S720e-02

elm

2.2727e-02

DFDS DADS DPIST DOISP I_ISP

8.5126e-02 8.34_e-02 1 ./_r,78e- 01 1.14t&e-01 1.6789e+00

ecm ap_st sods of(is srod

2.2727e-02 1.6t_3e- 02 3.8561e-03 6.0_96e-03 1.9355e-O&

NPIST

9.7420e+00

NCASE

2.2930e+03

NO4_G

1.3290e-05
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SPRE PC/TDAS Buitd 13, Report Date: Thu Ju[ 21 09:33:13 1994

DateFite: 071393.dta ChanFite: chspre05 DATE: 07-13-93 TIME: 10:37:45

Avg of 5 RdgNs: 25.*

DYNANIC DATA, ncyc: 4, nslm: 257

NO, Name, Mean, Amp[itude, Phase, TND, RNS

1 Xp -1.8149e+00 8.9419e_00 0.000 5.4361e-02 6.3324e*00

90X.ct t3.3e-02 tZ.Te-02 sO.O00 s9.6e-O3 t2.1e-02

2 Xd 1.0255e_00 8.9152e+00 71.678 5.3781e-02 6.3133e+00

90X.cK tl.0e-01 t2.9e-02 tO.&56 t9.6e-03 t2.1e-02

3 Pcs 5.9354e-03 5.20&6e-01 -10.958 7.5075e-02 3.6906e-01

90_.¢t il.2e-02 tl.6e-03 tO.l&l sT.6e-03 sl.le-03

& Pes 2.8570e-03 5.2108e-01 -13.&04 7.6745e-02 3.6955e-01

90X.cL t1.3e-02 t2.6e-03 t0.206 t8.6e-03 tl.9e-03

5 Padgs -1.1672e-02 6.0343e-01 73.342 7.9412e-02 4.2803e-01

90_.cL t1.le-02 t2.8e-03 t0.422 t6.0e-03 _1.8e-03

6 Ppgs 1.9824e-02 1.8962e-01 -177.987 5.3602e-02 1.3&2Be-01

90_.ct tl.4e-02 t7.1e-04 t0.078 _1.1e-02 _4.8e-04

7 Pfdgs 2.6273e-03 6.2306e-02 -98.685 6.0891e-02 4.41&Oe-02

90"/..ct tl.4e-02 t3.Se-04 t0.725 tl.le-02 i2.6e-04

8 ]att 4.9201e-02 3.0675e_01 90.799 6.7005e-02 2.1739e+01

90X.ct t2.ee-01 tT.le-02 _0.407 t9.3e-03 t4.4e-02

9 Vatt 3.2062e-01 1.87_e_02 57.306 6.3887e-02 1.3317e+02

90X.ct tl.Te_O0 tS.8e-01 _0.391 i8.&e-03 t4.0e-01

10 Vactd 2.2975e-01 1.5615e+02 90.060 6.6282e-02 1.1066e+02

90X.ct tl.4e+O0 t4.3e-01 t0.406 t9.5e-03 _3.1e-01

11 Vcap 1.7207e-01 1.0059e402 0.114 5.6171e-O2 7.1241e+01

90"/..c[ _5.4e-01 t4.1e-01 _0.092 t9.Te-03 _3.0e-01

12 laux 6.7637e-04 O.OO00e_O0 O.O00 O.O000e_00 2.6047e-03

90_.ct _2.0e-04 tO.Oe*O0 tO.O00 tO.Oe+O0 i3.7e-04

STEADY STATE DATA

ooooo.o.o ........

freque Freq Pmean clPct)rg clPpbrg PercJerr )(par Xciar [us_

6.2037e*01 6.2009e+01 5.0161e+00 1.1379e+03 1.1615e+03 3.3834e-01 8.9224e-03 8.7946e-_ 2.7376e*01

t7.7e-02 _6.3e-02 s1.Te-02 t2.2e+01 _1.7e+01 t8.2e-04 tl.6e-OS _1.9e-06 _1.9e+01

K_ssh KuaLt Kuattb KwLddc Kwetts Fteh Ftec Ftec FLc_

-1.2428e-02 2.4297e+00 2._,10e+00 2.4069e+00 -9.3018e-04 1.1884e+00 1.1666e+O0 5.5566e-02 1.2329_00

_6.0e-03 _4.3e-03 _4.0e-02 _3.2e-03 t8.8e-03 t8.Te-04 t4.Te-03 s3.?e-04 t2.8e-03

Tzero ToverQ Tovet_3 Toven& Tehi Teh{d clTeha dTeh Teho

O.OOOOe_O0 6.6020e+01 6.5206e-01 6.&857e*01 3.0575e+02 3.0559e*02 -3.4776e+00 -3.0706e+00 3.0200_02

tO.Oe+O0 t8.3e-02 t4.Oe-02 t?.6e-02 tl.Te-01 t9.9e-02 t1.6e-01 tl.2e-01 t1.8e-01

Tehod Teci Tecid dll"eca dTec Teco Tecod Tac| clTac

3.0228e+02 1.2736e+01 1.2136e+01 2.0_6e*00 1.9860e+00 1.5237e*01 1.3981e+01 1.3775e+01 1.6754e+00

_1.7e-01 _1.7e-01 iT.Be-D2 _1.3e-01 tT.ge-02 _1.5e-01 t8.0e-02 tl.2e-Ot t6.3e-02

Taco Tc_t i dTc_[ dTcus [ dTectp dPc:lbf dPpbfg Pec | Peco

1.5255e*01 1.4393e+01 7.4109e-01 O.O000e*O0 1.8598e-03 1.2490e+03 1.8262e+03 2.601_.+02 1.4771e+02

t1.5e-01 t1.8e-01 t4.9e-02 tO.Oe_O0 t8.0e-06 t4.Se+O0 t2.7e+01 tl. le44)0 t1.6e+O0

Pac_ Peco Pcup| Pspa|r Pdbrgs PlPI_gs Pbrgri Pstreg dPcuip

O.OO00e+O0 1.2090e+02 -2.6510e_01 -2.5635e-02 5.9767e+00 6.0321e+00 4.8707e+00 1.5588e+01 5.7106e*05

xO.Oe+O0 _1.2eo01 t1.3e-01 t2.Se-02 t8.9e-03 t1.1e-02 t1.Se-02 tl.le*O0 tl.4e_03

Vdc Icic Tcsl Tcs2 Tfd9s Tadgs Tpgsl Tpgs2 Tesl

1.1028e-01 O.OOOOe_O0 O.OOOOe_O0 1.3036e*01 0.0000_00 O.O00Oe_O0 2.3067e.01 O.O000e+O0 2.9126e*02

,5.3e-05 _O.Oe+O0 tO.Oe*O0 t1.2e-01 tO.Oe_O0 tO.Oe*O0 tl.6e-01 tO.Oe_O0 t2.1e-01

Tes2 Tes3 Tes4 Thutdl Thutcl2 Tcyt Tatt Tgcrl Tgcr2

2.9390e+02 O.O00Oe+O0 O.O000e+O0 1.5125e*02 9.5581e*01 2.2318e*01 2.0560e+01 1.2198e+01 1.6206e*01

_1.8e-01 tO.Oe+O0 tO.Oe*O0 tl.2e-01 t4.1e-02 t2.&e-01 _8.3e-02 tl.0e-01 t1.3e-01
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SPRE PC/TDA$ Buf_d 13, Report Date: Thu Jut 2t 09:33:13 1994

DataFiLe: 071393.dta ChanFi[e: chspre05 DATE: 07-13-93 T;NE: 10:37:45

Avg of 5 RdgNs: 25.*

STEADY STATE DATA

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2

2.1132e+01 2.2933e+02 4.8780e+01 2.7565e_02 2.5142e+02

±1.6e-01 t2.3e-01 =1.2e-01 =1.5e-01 =1.4e-01

Tghr4 Tascy[ Tl_nl Tkma_ Tlomrt3

O.OOOOe+O0 -6.9285_01 2.4_01 2.6105_01 2.191B¢_01

=O.Oe+O0 =1.6e-01 =9.0e-02 =1.1e-01 =I.5e-01

Tcwc Tbrgr Tdbrgs Tl_brgs Tsresa

1.2632e+01 2.1478e+01 3.0888e+01 3.8183e+01 3.0606e+02

_7.6e-02 =1.3e-01 =1.2e-01 sl.1e-01 =1.1e-01

Vetz Accx Accy Accz Vsp
3.9687e-06 2.0762e-03 1.41/'1e-03 6.1255e-02 1.0705e+02

=1.1e-05 =4.8e-05 _3.8e-05 =2.0e-04 t,3,Se-02

CALCULATIONS, rev: ctnspre
......... o ..... . ................

tehw tecu trto, tehf tecf

3.0229e+02 1.4303e+01 2.0019e+00 3.0401e+02 1.3760e*01

±2.1e-01 ±1.2e-01 ±1.2e-03 =1.7e-01 =1.3e-01

puatt puactd parts etcrno etapvh

2.4039e+00 2.3947e+00 2.6313e_00 5.0047e-01 2.3133e-01

=1,5e-02 =1.1e-02 =3.0e-02 _3,1e-04 =1.1e-02

xdrp xdspet vpa vda xca

9.9702e-01 4.2355e-03 3.4855e+00 3.4751e+00 4.0519e-02

±4.7e-03 =1.1e-05 ±1,De-02 ±1.1e-02 =1.4e-04

cads phads pufds pnfcls akfds

1.9450e+01 1.8166e+02 7.3387e-02 9.2335e-02 2.7902e+04

±8.7e-01 ±7.6e-02 ±2.6e-03 =3.4e-03 ±2.0e+02

pnaps akaps caps phaps pci*

2.3902e-01 3,4889e+05 3.1464e+01 1.B201e+02 1.(_33e-O1

=8.4e-03 ±9.4_02 ±1.2e+00 =7.8e-02 ±6.6e-04

¢lpph* pcpm pratio dtslt* qehl

7.1810e+01 1.0376e-01 1.2315e+00 O.O000e+O0 1.ZZ83e*01

±4.0e-01 =4.8e-04 =1.2e-03 tO.Oe+O0 =5.7e-01

¢tpehm purehm dpecm pwrecm ¢lbteng

1.1314e+02 1.3587e-01 5.6142e401 6.6621e-02 1.0027e_00

=t,Te-Ot =3.1e-04 ±4.4e-01 =?.8e-04 =4.2e-OZ

tqrj* purfcd purfcp l_¢Ird putds
6.1_,5e+00 -2.3305e+00 1.2122e+01 1,735Be-01 1.9083e-01

±3.5e-02 =3.4e-02 t3.9e-02 tl.Se-04 =3.De-D3

I_ltls cap aind baltm Imclcas

2.2740e-01 7.8235e+02 0.4913e_00 &.2955e+05 1.5984e-02

=4,1e-02 ±4.5e+00 =1.0e-01 =2.1e+03 =3.7e-05

_stt rhoct cpct mutt prrct

3.1152e400 1.001 le+O0 4.1959e400 1.2066e+00 8.1474e_00

t_3.Se- 03 =2.1e-05 sl.3e-04 =3.9e-03 t.3.3e-02

CONSTANTS

.........

DRO0

4.5720e-02

ehm

2.2727e- 02

Tesrf3

2.5050e_02

=1.4e-01

Tctws

9.6366e+OO

_2.0e-01

Tsresb

3.0578e+02

=5.5e-02

Ntrll_

-1.5625e-01

_4.3e-01

to|ha

1.3760e+01

=1.3e-01

etapvc
2.1780e-01

=1. le-02

xcph
-1.7120e+02

=4.8e-02

cfds

1.2155e+01

=4.0e-01

I:¢1_i"

- 1.6548e+o2

±8.Oe-02

qecl

1.0211e+01

=6.6e-01

qbLatt

9.;_e-01

i2.0e-02

pump
- 1.2625e-03

¢3.1e-03

-1 .$892e-03

t3.9e-03

DFDS DADS DPIST DDISP NDISP

8,5120e-02 8.3_6e-02 1.4478e-01 1.1414e-01 1.6789e.+00

ecm ap_st aads if(Is Iroc:l

2.2727e-02 1.6463e-02 3.8561e-03 4.04_Se-03 1.9355e-04

Tghrl

O.O000e+O0

tO.Oe+O0

Tctwr

B.5159e+O0

=2.3e-01

Oisz

O.O000e+O0

,O.Oe+O0

Patm

1.0000e+05

sO.Oe+O0

trtof

2.0117e_00

±1. le-03

eta[t

9.13_R-01

=1.5e-02

puads
1.1744e- 01

=5.4e-03

phfds

I.8964e+02

=3.5e-01

pea*
5.1747e- 01

=1.7e-03

qac
3.9107e-01

tl .Oe-O2

qbtsys

1.0592e+00

=4.2e-OZ

fa[ta

1.3176e+07

=4.6e+04

prwprm
1.171_e-02

t3.6e-05

NPIST

9.7420e+00

Tghr2

O.O000e+O0

=O.Oe+O0

Tc_hei

5,5720e+01

=1.2e-D1

Vetx

1.1525e- 02

_4.0e-05

trttc*

O.O000e+OO

sO. Oe.+OO

etsys

1.9595e-01

=1.0e-02

I.47"/'_-01

=6,9e-03

_n

3.5499e+00

=4.3e-02

pe_*
- 1.4374e+01

,1.4e-01

dtffh

1.7211e+00

±8.0e-02

dtffc

5.4261e-01

tJ;.5e-O2

fat tl:h

-6.9610e-04

=3.6e-06

Phc_tt

1.8610e_00

=1.3e-04

NCASE

2.2930e+03

T@r3

0.0000_00

=O.Oe+O0

Tcuheo

1.2351e+01

=9.6e-02

Ve[y

1.5756e-03

=2.2e-05

pvpst
2.8384e+00

t3.4e-02

dsfrq

5.7828e+01

=9.8e-02

skads

2.6089e*05

=I. Oe+03

puaps

1.9110e-01

,6.4e-03

dpa"
3.1086e-02

x5.0e-04

ftehc

1.2009e+00

t8.Se-_

tqin*

9.1765e+00

=8.0e-03

bette

4.4974e+01

t3.0e-01

cl_stt
1.5630e+00

tO. Oe+O0

A_qAG

1.3290e- 05
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SPRE PC/TDAS BuiLd 13, Report Date: Thu JuL 21 09:06:25 1994

DatsFiLe: 071393.dta ChanF{Le: chspreO5 DATE: 07-13-93 TZNE: 10:_:49

Avg of 5 RclgNs: 29.*

DYNAMIC DATA, ncyc: 4, nssm: 257
...o ........

No, Name, )lean, Amp|itude, Phase, THD, RNS

1 Xp -1.9355e+00 8.8829e+00 0.000 2.0362e-02 6.2825e+00

90X.ct t.3.Te-02 tg.9e-03 tO.O00 *_.Oe-O3 t6.9e-03

2 Xd 1.0106e*00 8.9820e+00 69.597 2.0292e-02 6.3525e*00

90_.c[ t7.0e-02 _2.9e-02 t0.349 t2.Se-03 t2.1e-02

3 P¢s 1.7822e-02 5.12T3e-01 -11.321 5.6659e-02 3.6314e-01

90¢.c| s6.Se-03 sl.Se-03 t0.106 t3.3e-(13 s1.2e-03

4 Pes -4.7185e-03 5.1234e-01 -13.847 6.0342e-02 3.62%e-01

90_.ct _5.6e-03 t2.9e-03 t0.177 _4.0e-03 _2.1e-03

5 Padgs -5.703_e-02 6.1151e-01 71.289 6.2853e-02 &.3326e-01

90¢.ct _8.0e-03 _1.5e-03 t0.265 t3.4e-03 t1.1e-03

6 Ppgs 1.2036e-02 1.8870e-01 -177.950 1.1L302e-02 1.3346e-01

90_.ct _7.1e-03 25.2e-04 t0.028 t2.1e-03 23.7e-04

7 Pfdgs 1.31_e-02 6._93e-02 -101.407 4.0861e-02 &.4934e-02

90Z.ct t3.2e-03 _4.8e-04 t0.919 tT.0e-03 t3.3e-04

8 iaLt 1.4310e-02 3.1268e+01 84.925 4.1113e-02 2.2128e*01

90Z.ct tS.9e-02 ±7.4e-02 t0.152 t2.2e-03 _5.3e-02

9 Vatt 1.3050e-01 1.7974e+02 55.130 3.3099e-02 1.2716e+02

90"/..ci _3.7e-01 _2.1e-01 s0.169 _tE.3e-03 _1.5e-01

10 Vaatd 5.3006e-02 1.5565e+02 89.76] 3.6642e-02 1.1014e+02

90Z.¢[ t3.2e-01 t1.Se-01 t0.145 t2.2e-03 21.3e-01

11 Vcap 1.606]e-01 1.0151e+02 -5.586 2.29U, e-02 7.1797e+01

90%.cL _2.6e-01 _2.5e-01 s0.024 t2.Se-03 t1.Se-01

12 laux 2.8119e-03 3.2109e+00 15.828 8.6435e-02 2.2789e_00

90_.cL zS.7e-03 tT.4e-03 s0.198 ,3.2e-03 s4.qe-03

STEADY STATE DATA

.............. ...

Freque Freq Pman clPclbrg dPpbrg Perclerr Xpar Xclar Kusmh

6.2187e+01 6.2353e+01 5.0455e+00 1.1622e+03 1.1870e+03 3.3462e-01 8.8673e-03 8.8233e-04 1.6875e+01

±5.8e-02 _4.3e-02 ±5.3e-03 x3.0e+O0 t3.9e+O0 t6.1e-04 t7.1e-06 22.0e-06 _8.8e+00

Kussh Kwatt Kuattb Kwtddc Kuatts Fteh Ftec Ftac FLcwt

-1.0652e-02 2.4369e+00 2.4285e+00 2.4134e+00 -2._SOSe-03 1.1867e+00 1.1332e+00 5.2969e-02 1.1782e+00

• 4.9e-03 _3.2e-03 s2.9e-02 s3.5e-03 _1.7e-03 z2.9e-03 _2.3e-02 xl.2e-03 z2.3e-02

Tzero Toven2 Toven3 Tover_ Tehi Tehid crreha dTeh Teho

O.O000e+O0 6.6025e+01 6.5261e+01 6._0e+01 3.0614e+02 3.0609e+02 -3.5317e+00 -2.9439e+00 3.0252e+02

• O.Oe+O0 _4.4e-02 _5.8e-02 t8.1e-02 t1.Te-01 _6.7e-02 t1.le-01 t1.3e-01 t9.3e-02

Tehod Teci TecJd dTeca clTec Teco Tecod TacJ clTac

3.0283e+02 1.1530e+01 1.1016e+01 2.1325e+00 2.0859e+00 1.&247e_01 1.2915e+01 1.2749e+01 1.9389e+00

_1.1e-01 _8.4e-02 t5.8e-02 t9.Se-02 z1.1e-01 tl.le-01 tl.Se-01 tl.le-01 _8.8e-02

Taco TcutJ dTcut dTcusL ¢lTectp dPctff dPpbf 9 Peci Peco

1.&482e+01 1.3316e+01 6.724&e-01 O.O000e+O0 1.92_e-03 1.2S51e+03 1.8280e+0_ 2.3591e+02 1.3_92e+02

• 1.3e-01 _8.1e-02 t7.&e-02 tO.Oe+O0 t2.Te-O5 tl.0e+O0 tl.9e+01 tl.0e+01 t6.3e+O0

Paci Paco PcMpJ Pspair Pdbrgs PId:Cgs Pbrgri Pstreg ¢l_cMp

O.O000e+O0 1.090_e+02 -2.3899e+01 -2.0033e-02 6.0401e*00 6.0808e+00 4.8962e+00 1.6059e+01 5.2113e+05

_O.Oe_O0 _5.8e+00 _1.3e_00 t1.6e-02 s5.1e-03 tl.?e-02 t6.8e-03 tT.0e-03 t2.Ze+04

Vdc icic Tcsl Tcs2 Tfdgs Tadgs Tpgsl Tpgs2 Tesl

1.09_,e-01 O.O000e_O0 O.OOOOe+O0 1.22_0e_01 O.O000e+O0 O.O000e+O0 2.276_e+01 O.O000e+O0 2.9130e+02

_8.1e-05 _O.Oe+O0 tO.Oe+O0 tl.Oe-01 tO.Oe+O0 tO.Oe*O0 t1.Se-01 tO.Oe+O0 tl.3e-01

Tes2 Tes3 Tes4 Thutdl Thutd2 Tcyt Tatt T9crl Tgcr2

2.9424e+02 O.O000e+O0 O.O00Oe+O0 1.4767e+02 9._80e+01 2.2149e+01 2.0&97e+01 1.1011e+01 1.S088e+01

_8.&e-02 _O.Oe+O0 tO.Oe+O0 t8.6e-02 t1.2e-01 tl.Te-Ol t1.Se-01 tS.6e-02 t1.le-01

]20



SPRE PC/TDAS Buf_d 13, Reporc Date: Thu Jut 2T 09:06:Z5 1994

DataFiLe: O?1393.dta ChanFiLe: chspreO5 DATE: 07-13-93 TIME: I0:44:49

Avg of 5 RdgNs: 29.*

STEADY STATE DATA
.... ......oo.....

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2 Tesrf3 Tghrl Tghr2 Tghr3

2.1064e_01 2.3207e+02 4.9275e+01 2.7681e+02 2.53_e_02 2.5378e+02 O.O000e+O0 O.O000e+O0 O.O000e+O0

_1.$e-01 _2.6e-01 21.4e-01 tl.5e-01 _2.0e-01 il.6e-01 sO.Oe_O0 tO.Oe+O0 tO.Oe_O0

Tghr4 Tascyl Tkmanl Tlomm2 Tlmmn3 Tctus Tctim- Tcuhei Tcwheo

O.O000e+O0 -6.9249e+01 2.436Te+01 2.6051e_01 2.1857e_01 8.&205e+O0 7.42(d_,_00 S.6190e+01 1.0_5e+01

tO.Oe+O0 tl.3e-01 ,6.4e-02 t9.0e-02 tl.4e-01 _.7e-02 sS.ge-02 _7.5e-02 27.0e-02

Tcuc Tbrgr Tdbrgs Tldbrgs Tsresa Tsresb Disz Ve|x Very

1.1515e+01 2.1261e+01 3.1112e401 3.8147e+01 3.0580e+02 3.OS67e_O2 O.O000e+O0 1.1494e-02 1.6S10eo03

t5.Te-02 t6.9e-02 t8.0e-02 ±9.6e-02 _1.4e-01 tl.Se-01 iO.Oe+O0 s3.2e-05 tl.le-O5

Vetz Accx Accy Accz Vsp Ntrspd Petm

3.9687e-06 2.2876e-03 1.9597e-03 6.1548e-02 1.0630e+02 1.0938e+01 1.0000e+05

_2.7e-05 _2.3e-05 _6.4e-05 _3.1e-05 t1_.5e-02 _1.9e+01 tO.Oe+O0

CALCULATI_S, rev: c|nspre
.. ....... . ............ o.. .......

tehw tecM trtow tehf tecf tc|na trtof trtec* pvl:st

3.0263e+02 1.3136e+01 2.0112e+00 3.0437e+02 1.2597e+01 1.2597e+01 2.0211e+00 O.O000e+O0 2.8848e+00

_2. le-01 tl.0e-01 _1. Oe-03 _1 .Be- 01 _9.4e- 02 t9.4e-02 _9.7e-04 tO.Oe+O0 tl.9e-02

pwaL_ I_aC Ld pa I t s etcrno etal_h etapvc eta Lt etsys dsfrq

2.4385e+00 2./,248e+00 2.6753e+00 5.0278e-01 2.3180e-01 2.2138e-01 9.1151e-01 ! .q592e-01 5.7997e+01

t6.6e-03 t7.3e-O3 ,1.7e-02 ±2.5e-04 _7.9e-03 tS.0e-03 t6.Oe-03 tS.6e-03 t3.1e-02

xdrp xdspet vpa vda xca xcph wads pnads _kads

1.0112e+00 4.2326e-03 3.4820e+00 3.5208e+00 4.0504e-02 - 1.7125e_02 1.2260e-01 1.519_e-01 2.6241e_05

_3.3e-03 tS.2e-06 ,6.0e-03 _1.4e-02 tT.2e-05 _2.1e-02 ,7.4e-03 t8.3e-O_ _3.3e+02

cads I_ads pufds pnfds Ikfds cfds phfds Wpsn pumps

1.9776e_01 1.8169e+02 7.0765e-02 8.7733e-02 2.8273e+04 1.1420e+01 1.8900e+02 3.6560e+00 1.93_7e-01

±1.1e+00 t9.2e-02 ±4.2e-03 =5.8e-03 t2.0e+02 ,7.7e-01 _5.9e-01 t3.1e-02 t2.2e-03

pnaps akaps caps idlaps pc i * pcl:_ _* pea* pe_* ¢lpa*

2.4519e-01 3.4950e+05 3.1915e+01 1.8205e+02 1.6703e-01 - 1.6555e+02 5.OqOSe-01 - 1.4745e+01 3.0749e-C2

_3.2e-03 t6.7e+02 t4.3e-01 _2.8e-02 ,3.8e-0_ t4.3e-02 tl.Te-03 _1 .le-01 _4.0e-O_

dpph* pcpm pratio dtstt* qehl qecl qac dtffh ftehc

7.0094e+01 1.0162e-01 1.2262e+00 O.O000e+O0 1.2452e+01 1.0155e+01 4.3173e-01 1.74_2e_00 1. I_2e_00

_7. Oe- 02 t4. Ie-04 ,1. Oe-03 tO. Oe*O0 _3.8e-01 t4.7e- 01 t2.6e-O2 tS .4e-02 t2.9e-03

dl:)ehm pMrehm dpecm pwPec_ qbLeng qbtaLt qbtsys dtffc tq_n*

1.1279e+02 1.3526e-01 5.1313e+01 5.8174e-02 1.0475e_00 9.9497e-01 1.0/_,e+O0 5.3965e-01 9.1197e.+00

_5.6e-0! t1.0e-03 _2.0e*O0 z3._e-03 _z4.4e-OZ tg.6e-03 t4 J,e-O2 _2.5e-02 ,7.7e-03

tqr j* i_rfcd puff cp pwdrd i_tds i:xq:mp fat t a fat tl_ bat te

6.0624e+00 -2.3697e+00 1.2053e_01 1.7251e-01 1._J37e-01 -4. ?F32e-O3 1._37e+07 -6.970_e-O& &.4972e+01

• 2.3e-02 tl.6e-02 t3.4e*02 t1.5e-O_ ¢3.5e-03 _3.4e-03 _3.7e+04 t1.6e-06 t6.7e-02

pattts cap 8i J'_d battm i_¢lcas I_pmpn prMpr_ rho_tt cl_tt

2.3677e-01 7.8581e+02 8.&169e+O0 &. 233_e+05 1.6063e_ 02 -5.9305e-03 1.1835e-02 1.8_7e+00 1.5_L30e_O0

tl.7e-02 _1.5e+00 _/,. le-02 tl.1e+03 _6.8e-05 t4.2e-03 _2.9e-05 tl.4e-O_ _O.Oe+O0

mustt rhoct cpct mJct prnct

3.1074e+00 1.0013e+00 4.1971e+00 1.2428e+00 8.4596e+00

_r3.9e-03 _1.5e-05 tl .Oe-04 .3.0e-03 t2.6e-02

CONSTANTS

DR(X)

4.5720e-02

ehm

2.272_e-02

DFDS OADS DPIST DDISP IOISP

8.5120e-02 8.3666e- 02 1 ._478e-01 1.1414e-01 1.6789e+00

ecru ap_st aads 8fds 8rod

2.2727e-02 1.6463e-02 3.8561e-03 4.0_96e-03 1.93S5e-04

NPZST

9.7420e.*.00

MCASE

2.2930e+ 03

AJO4AG

1.3290e-05
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SPITE PC/TDAS Bui|d 13, Report Dote: Fri Jut 15 14:14:00 1994

DetoFiLe: 111893.dta ChonFi[e: chspreO5 DATE: 11-18-93 TIME: 10:41:51

Av9 of S RdgNs: 18.*

D¥11AM[C DATA,

NO, N_,

90Z.©L

2

907,.¢L

3 Pcs

90¢.ct

A Pes

90X.ct

5 Padgs

90X.ct

6 Ppgs

90X.¢t

? Pfdgs

90_.¢t

8 iott

9O_.ct

9 Vatt

_.ct

10 Vactd

qJ_OC.ct

11 Vcap
_O_.ct

12 la._

907..cL

ncyc: 4, nsam: 2S7

Nean, AmpLitude, Phase, TIgO, It#iS

-1.9308e4<)0 8.0085e_00 0.000 3.5459e-02 5.66_Se+00

t3.6e-02 t2. le-02 tO.O00 t9.6e-03 tl.6e- 02

1 .l&&_ 8.1803e+00 72.304 3.S(_Se-02 $. 7881e+00

t7.1e-02 t2.Se-02 t0.371 t8.Te-03 t1.Se-02

5.9926e-02 &.704?e-01 -11.611 5._;;02e-02 3.3327e-01

t2.2e-02 s2.Te-03 t0.240 tS.9eo03 tl.9e-03

3.8421e-03 4.7477e-01 -14.254 6.2&T&e-02 3.3&37e-01

t2.0e-02 t&.Se-03 t0.496 t4.ge-03 t3.&e-03

3.&13&e-D2 5.5926e-01 73.868 6.5577e-02 3.g631e-01

t1.7e-02 t2.&e-03 20.3_7 fT.&e-03 t1.6e-03

S.T_-02 1.68_e-01 - 177.9_ 3.5252e-02 1.1957e-01

_1.7e-02 _4.9e-04 _0.041 t9.Se-03 _3.3e-04

5.5377e-02 5.7263e-02 -98.541 4.7159e-02 &.OS38e-02

t1.8e-02 _7.2e-04 t0.93S t1.3e-02 tS.Oe-04

1.2101e-01 2.90_e+01 90.549 &.S837e-02 2.0562e+01

tl.0e-01 tl.6e-01 x0.220 _8.1e-03 s1.le-01

3.1256e-01 1.7094e+02 56.044 &.2042e-02 1.2098e+02

t6.2e-01 tS.3e-01 t0.222 i8.1e-03 ,.3.5e-01

1.5773e-01 1.4178e+02 89.678 &.&8lie-02 1.003_02

26.7e-01 s&.Te-01 t0.232 i8.3e-(13 t3.1e-01

2.3&10e-01 9.&694e+01 -0.060 3.6598e*02 6.7005e+01

t4.Se-01 t4.3e-01 t0.085 t9.7e-03 t3.0e-01

9.1956e-04 O.O000e+OO 0.000 0.0000_00 3.0940e-03

t2.Oe-04 20.Oe_O0 tO.O00 tO.Oe+O0 t2.2e-04

STEADY STATE DATA

Freque

6.221&e+01

s1.2e-01

•Kussh

-I .7754e-02

t7.8e-03

Tzero

O.O000e+O0

t 0.0_00

Tehod

3.1234e+02

s7.3e-02

Taco

1.9153¢,+01

t2.2e-01

Paci

O.O000e+O0

tO.Oe*O0

Ydc

9.9906e-02

sS.le-05

Tes2

3.0238e*02

t1.3e-01

Freq

6.2498e+01

21.1e-01

Kwott

2.088&e*00

t6.5e-03

Toven2

6.5142e_01

t5.Se-02

Teci

1.7926e+01

tl.Se-01

Tout i

1.6428_01

t8.Te-02

Po¢o

1.1178e*02

z3.0e+O0

I¢1¢

O.O000e+O0

_:O.Oe.*O0

TIs3

O. O000e.*.O0

tO.Oe.*-O0

Pmean dPdbro dPpbrg

5.0378e+00 1.1/_SSe+03 1.1859e+03

t1.2e-02 t2.3e_01 t1.9e+01

Kw8[ tb Rut cldc ICua[ts

2.0301e+00 2.0666e+00 -9.3018e-04

t3.1e-02 t6.4e-03 _tT.3e-03

Toven3 Toven4 Tehi

6.5237e+01 6.4910e+01 3.1531e+02

_7.2e-02 t9.6e-02 t2.2e-01

Tecid dTeca dTec

1.7305e+01 I. 7369e._00 1.7014e,,00

tS.7e-02 t1.3e-01 tl .Oe-01

dTcu t dTcus L dl'q_tp

&.SOO1e-01 O. O000e+O0 1.5321e-03

• &.Se-02 tO.Oe_O0 _2.0e-OS

Pc_pi Pspei r Pdbrgs

1.3206e-01 2.5361e+01 6.0325e÷00

tl .Oe-01 :1:1.6e-02 t9.Se-03

Tcsl Tcs2 Tfdgs

O.O000e_O0 1.71_01 O.O000e_

tO.Oe+O0 :1:1.5e-01 tO. Oe+O0

Tes_ Thutdl Thutd2

O. O000e+O0 1.052_ 02 7.8787e, 01

tO.Oe+O0 t1.Se-01 _9.6e-02

122

Pe rde r r Xpa r Xda r Kus_

3.3_5e-01 8.0001e-03 8.0366e-04 -1.0654e-02

t1.3e-03 tl.0e-05 t1.9e-06 t2.0e-02

FI.eh Ftec Ftoc Ftcvt

1.1869e_00 1.1764e+00 5.S&31e-02 1.2154e+00

t9.6e-03 _1.6e-02 t6.Se-04 _1.8e-02

Tehid dTeho dTeh Teho

3.1510e+02 -2.9689e+00 -2.521&e+00 3.11_e+02

tl.Se-Ol t1.3e-01 _8.&e-02 tT.3e-02

Teco Tecod T_ct o'T_c

2.0252e.*01 1.8i_2e,-01 1 .IM55e._01 7.2206e-01

tl.Se-Ol t1.1e-01 tt.Se-01 tS.5e-02

dPdbf dPl_fg Pec i Peco

1.2535e+03 1._ 2.&T/3e_2 1.3705e+02

t4.5e*O0 tl.2e+01 t6.Te*O0 t&.Oe_O0

PF_gs Pbrgri Pstreg dPc_p

6.0656e+00 4.8750e+00 1.4924e+01 &.S715e+02

t8.&e-03 tl .le-02 t2.2e+O0 _1.3e+02

Tadgs Tpgsl Tpgs2 Tesl

O.O000e+O0 2.6149e+01 O.O000e+O0 3.0212e*02

_O.Oe+O0 .,.1.9e-01 _0. Oe+O0 tl .Oe-01

Tcyt To t t Tgcrl Tgcr2

2.5578e+01 2.&S38e+01 1.72/_e+01 2.0771e_01

_1.6e- 01 t3.2e-01 tl .&e- 01 t6.&e- 02



SPREPC/TDASBuild13, ReportDate:Fri Ju[1514:14:001994
DataFi[e:111893.dtaChanFite:chspreO5DATE:11-18-93T]NE:10:41:51
Avgof 5 RclgXs:18.*

STEADYSTATEDATA
o.o. .... o.. ......

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2

2.4193e+01 2.2(_0e+02 4.3457e+01 2.8164e+02 2.5109e+02

tl.qe-01 tl.1e-01 t6.qe-02 tl.3e-01 tl.$e-01

Tghr4 Tascyt Tlmmnl Tkaun2 Tlauw_

O.O000e+O0 -6.9151e+01 2.1163e+01 2.$964e+01 2.07_37e_01

tO.Oe+O0 tl.ge-Ol tl.3e-Ol tl.&e-01 tl.Se-01

Tcvc Tbrgr Tdbrgs Tigris Tsresa

t.7793e*01 2.&700e+01 2.8293e*01 3.6636e*01 3.1515e+02

tl.3e-01 tq.&e-02 t9.Se-02 tl.Se-01 tl.3e-01

Vetz Accx Accy Accz Vsp

7.q375e-06 1.7774e-03 1.5123e-03 6.1483e-02 9.7525e+01

tl.3e-05 t3.Se-05 tT.2e-O5 t2.3e-04 t4.2e-02

CALCULATIONS, ray: c|nspre
................................

Tesrf3

2.&S&Ge+02

_2.1e-01

Tctws

6.3141e+00

t7.Ge-02

Tsresb

3.1491e+02

tl.2e-01

Ntrspd

-1.5625e-01

t4.3e-01

Tghrl

O.O000e+O0

_O.Oe_)O

Tctur

$.209Qe_0

_1.2e-01

O|sz

O.O000e+O0

tO.Oe+O0

Pltfa

1.0000e+O5

*0. Oe+O0

Tghr2

O.O000e+O0

tO.Oe_O

Tcuhe|

S.0391e_01

tS.Te-02

Vetx

1.03gee-02

t.S.Se-OS

T2hr3

O.O000e+O0

tO.Oe_O0

TcNheo

9.0W_e*O0

t4.3e-01

Vety

1.23_3e-03

t2.7e-O5

tehu tecu trtow tehf tecf tc [ha trtof trtec* I:_Pst

3.1234e*02 1.9250e*01 2.0024e+00 3.1382e+02 1.8794e+01 1.8794e+01 2.0105e-00 O. O000e+O0 2.4401e+00

t2.9e- 01 tl. 7e- 01 tl. 6e-03 t2.5e-D1 t 1.5e- 01 t1.5e-01 tl. 4e-03 tO. Oe+O0 tS. le- 02

pua tt puac t d pat ts etcrno etapvh etq)vc eta t t etsys dsf rq

2.0460e+00 2.0590e+00 2.2723e+00 5.0059e-01 2.3211e-01 2.2221e-01 9.0056e-01 1.9466e-01 5.7953e+01

tl.Se-02 t1.Te-02 t4.Se-02 t4.0e-04 =1.2e-02 tl.Te-02 t1.6e-02 t1.le-02 _,S.Se-02

xdrp xdspet vpe vcla xce xcph peads Imads akads

1.0215e+00 3.9012e-03 3.1306e+00 3.1977e+00 3.6297e-02 - 1.7096e*02 9.&O88e-02 1.4058e-01 2.6353e+05

t4.6e-03 t1.1e-05 _8.7e-03 =1.5e-02 t1.le-04 t3.9e-02 tT.2e-03 tl.0e-02 tl.0e+03

cads phads pufds pnfds ekfds cfds phfds pvpsn puaps

1.8399e+01 1.815_+02 5.8964e-02 8.8129e-02 2.7985e+04 1.1535e+01 1.8915e+02 3.8046e+00 t.5453e-01

t1.3e+O0 tl. le-01 t4.Se-03 t7.1e-D3 t3.2e+02 t9.4e-01 ±7.7e-01 t7.ge-02 t3.2e-03

I:naps akaps caps phaps F¢ | * pcph i * pea* peph e dpe*

2.4093e-01 3.4717e+05 3.1535e*01 1.8203e_02 1.4913e-01 -1.6507e-02 4.6796e-01 -1.5178e+01 2.9310e-02

t4.Se-03 tl.2e+03 tS.2e-01 s4.1e-02 t4.8e-04 ,7.3e-02 s2.6e-03 s2.0e-01 sS.le-04

dpph* pcpm pratio dtstt t qehl qecl qac dtffh fiehc
7.1705e+01 9.3388e-02 1.2060e+00 O.O000e+O0 1.0526e+01 8.5677e*00 1.6779e-01 1.&75Se*OO 1.1998e_.00

t4.6e-01 tS.8e-04 tl .&e-D3 tO.Oe_O0 t5.4e-01 t7.2e-01 tl.3e-02 t6.9e-02 t9.Te-03

• cipehm I_r ehm clpecm I_recm qbt eng qbtatt ¢lbtsys dtffc tqin*
1.1205e_02 1.3446e- 01 5.4726e+01 6.4391e-02 1.0476e+00 9.0739e- 01 1.0261e+00 &.S530e-01 7.6533e+00

±1.8¢.+00 t3.3e-03 tl. 5e-DO _2.7e- 03 =9.5e-02 21.5e-02 i9.6e-02 t3.Se-02 t5.2e-02

tqrj t purfcd purfcp Ica_lrd p_l:ds pq=mp fa [ to fat tph bot te

5.0684e.,00 -2./,119e+00 1.2171e+01 1.&_77e-01 1.5305e-01 5.0137e-03 1.1868e+07 -7.1570e-O& 4.5000e+01

_4.7e-02 t4.6e-02 tS.2e-02 _.9e-04 t&.Oe-03 t3.ge-03 t&.Se+04 _3.1e-06 t2.Se-01

pattLs cap aind battm Ix_dcas Im4=mPn pr_rm rhostt cpstt

2.2633e-01 7.8474e+02 8.4092e+00 4. OBSSe+05 1.3296e- 02 7.5013e-03 9.TqZle-03 1.853_,+00 1.5_30e+00

t4.1e-02 t4.0e+O0 t6.7e-02 tl.9e+03 t8.ge-05 tS.Se-03 tS.2e-05 tl.9e-04 tO.Oe+O0

mustt rhoct cpct Duel prnct

2.9133e*00 1.0002e+O0 4.1910e_00 1.0680e+00 7.0252e_00

t4.ge-03 t3. le-05 t1.4e-04 t3.Se-03 t3.0e-02

MPIST

9.7420e+00

CQNSTANTS

.o .......

DR(X)

4.5720e-02

ehm

2.2727e-02

NCASE

2.2930e_03

DFDS DADS DPIST DDISP II)lSP

8.5120e-02 8.3666e-02 1.4478e-01 1.1414e-01 1.6789e+00

ecm aOist Imcls afds arod

2.2727e-02 1.6463e-02 3.8561e-03 4.0_96e-03 1.9355e-04

A_MAG

1.3290e-05

123



SPRE PC/TDAS BuiLd 13, Report Date: Mid JuL 20 13:09:10 1994

OataFiLe: 111893.dta ChanF_|e: chspre05 DATE: 11-18-93 TIME: 11:33:46

Avg of 5 RdgNs: 32.*

DYNAMIC DATA, ncy¢: 4, hsam: 257
...ooo ......

No, Name, Mean, AmpLitude, Phase, TI_, INS

1 Xp -2.0405e+00 8.8845e+00 0.000 6.&O20e-02 6.2952e+00
90X.ct 26.5e-02 24.0e-02 20.000 23.2e-03 t2.8e-02

2 Xd 1.1604e+00 8.8131e+00 71.940 6.3506e-02 6.2_,;e+00

90"_.cL 29.3e-02 25.3e-02 20.338 22.7e-03 t3.8e-02

3 P©s -2.3798e-02 5.1618e-01 -11.124 8.$703e-02 3.6627e-01

90"h.c| 26.5e-03 23.3e-03 20.212 24.6e-03 22.3e-03

4 Pea -2.6894e-03 5.2072e-01 -13.783 8.5040e-02 3.6953e-01

90X.cL 24.5e-03 t&.ae-03 20._7 25.3e-03 23.4e-03

5 Padgs -5.0313e-02 5.9935e-01 73.473 8.7341e-02 &.25&2e-01

90"k.ct 23.9e-03 24.2e-03 t0._3 25.9e-03 t3.0e-03

6 Pigs -4.6586e-02 1.8619e-01 -177.965 6.3034e-02 1.3192e-01
90X.ct ,3.5e-03 27.5e-04 t0.033 23.2e-03 25.4e-04

7 Pfdgs -8._57e-03 6.1365e-02 -_.761 6.W_4e-02 &.3497e-D2

90_.ct 24.6e-03 26.3e-04 t0.499 _3.9e-03 24.5e-04

8 lait 1.9466e-01 3.0392e+01 90.992 ?.4Ol&e-O2 2.1550e+01

90_.¢L t3.0e-01 tl.9e-01 t0.364 25.8e-03 t1.3e-01

9 Vatt 2.3007e-01 1.8455e+02 57.360 7.0220e-02 1.3082e+02

9OZ.ct tl.9e-_O0 zl.0e+O0 20.308 25.3e-03 tT.le-01

10 VacLd 2.3909e-01 1.5500e+02 90.098 7.3050e-02 1.0989e+02

qOZ.cK tl.Se+O0 t9.Oe-01 t0.365 t6.&e-03 26.2e-01

11 Vcap 6.2029e-02 9.98_e_01 0.168 6.5681e-02 7.0725e+01

90_.ci 27.6e-01 24.5e-01 20.033 23.9e-03 23.2e-01

12 laux 1.1932e-03 O.O000e+O0 0.000 O.OOOOe+O0 3.3281e-03

90_.cl 22.0e-04 tO.De+DO tO.D00 tO.Oe+O0 22.1e-04

STEADY STATE DATA

..o.oo_.._ .......

FreClue Frecl Pmean clPdbrg clPpbrg Perderr Xpar Xdar Kus_

6.1932e+01 6.2271e+01 5.0022e+00 1.1810eV03 1.1828e+03 3.39&6e-01 8.8818e-03 8.6910e-04 -1.0654e-_

23.8e-02 24.4e-02 _3.1e-03 22.9e+00 22.2e+00 24.1e-04 22.4e-06 22.0e-06 21.2e-02

Kwssh gwatt Kwattb KuLcJck: Ku,itts FLeh FLec FLmc Ftcwt

-1.7754e-OZ 2.4106e+00 2.3680e+00 2.3878e+00 -1.8604e-03 1.1911e+00 1.2093e+00 5.6719e-02 1.2517e+_

tO.Oe+O0 25.2e-03 22.5e-02 25.4e-03 26.7e-03 23.1e-03 29.1e-03 t&.7e-04 28.1e-03

Tzero Toven2 Toven3 Tove_ Tehi Tehid dTe_8 dTeh Teho

O.O000e+OO 6.6139e+01 6.5242e+01 6.&85&e_l 3.1412e+02 3.1388e+02 -3.4391e+00 -3.0128e44)0 3.1037e+0

tO.Oe+O0 22.9e-02 tl.0e-01 27.1e-02 22.5e-01 22.0e-01 22.3e-01 29.4e-02 22.1e-01

Tehod Teci Tecid dTeca dTec Teco Tecod Teci dTac

3.1070e+02 1.7092e_01 1.6537e+01 1.8072e+00 1.7898e+00 1.96&6e+01 1.83_0e-01 1.7880e+01 2.1339e-0

22.4e-01 _1.8e-01 29.4e-02 26.8e-02 t&.Oe-02 tl.le-Ol tl.&e-01 21.&e-01 tl.2e-01

TIco Tc_t| clTc_L dTcust o'Tectp (J)dbf dPl:bf9 Peci Peco

1.Tr35e+01 1.6613e+01 2.2747e-01 O.O000e400 1.6841e-03 1.2580_03 1.7786e+03 2.6177e+02 I.&617e4<)

26.3e-02 21.1e-01 26.2e-02 tO.Oe*O0 21.7e-05 t&.6e+O0 27.&e+O0 22._ t1.9e+O0

Pac| Paco PcMp_ PspaJr Pdbrgs Pll:brgs Pbrgri Pstreg dlPcup

O.O000e+O0 1.1876e*02 1.5032e-01 2.5120e*01 6.0Z25e+O0 6.02_,8e+00 4.83&Oe+O0 1.6081e*01 3.3526e*(

_O.Oe+OO 27.8e-01 26.2e-02 22.9e-02 26.1e-03 21.3e-02 ta.0e-O3 _2.5e-03 26.8e_01

VcJc ldc Tcsl Tcs2 TfdSs Tadgs Tpgsl Tpgs2 Tesl

1.0948e-01 O.O000e+O0 O.O000e+O0 1.6&&3e_l O.O000e+O0 O.O000e+O0 2.3220e+01 O.O000e+O0 2.9901e_

28.7e-05 _O.Oe+O0 tO.Oe+O0 tl.&e-01 tO.Oe+O0 20.De+DO t2.?e-01 tO.Oe+O0 tl.le-Ol

Tes2 Tes3 Tes& Thutdl ThuLd2 TcyL TILt Tgcrl Tgcr2

3.0022e+02 O.O000e+OO O.OOOOe+O0 1.0_90e4_2 7.8543e+01 2.2373e+01 2.0985e+01 1.6485e+01 2.0403e+(

t2.0e-01 tO.De*DO tO.Oe+OO t2.0e-Ol 29.2e-02 t2.0e-01 22.3e-01 _1.1e-01 tl.7e-01
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SPREPC/TDASBuiLd13, ReportDate:Wed JuL 20 13:09:10 1994

DataFite: 111893.dta ChanFite: chspre05 DATE: 11-18-93 TIME: 11:33:46

Avg of 5 RdgNs: 32.*

STEADY STATE DATA

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2 Tesrf] Tghrl Tghr2 Tghr3

2.1900e+01 2.3686e+02 4.5872e+01 2.8375e_02 2.5871e+02 2.5607e+02 O.O000e+O0 O.O000e+O0 O.O000e+O0

sl.9e-01 zl.2e-Ol zl.3e-01 s1.9e-01 s2.1e-01 t1.9e-01 _O.Oe*O0 tO.Oe_O0 tO.Oe+O0

Tghr4 TascyL Tlmanl TlourQ Tlmm',.3 Tctus Tctur Tcvhei Tc_lheo

O.OOOOe+O0 -6.9242e+01 2.0876e+01 2.&973e+01 2.0718e+01 5.3245e+00 5.2686e+00 5.1530e+01 8.7852e+00

sO.Oe+O0 il.2e-01 _9.6e-02 _9.4e-02 tS.Oe-02 tl.&e-01 tl.&e-01 tg.ae-02 t6.6e-02

Tcuc Tbrgr Tdbrgs Tl_rgs Tsresa Tsresb Disz VeLx Very

1.7235e+01 2.1928e+01 2.T29Se+01 3.3749e+01 3.1&OOe+02 3.1357e+02 O.O000e+OO 1.1561e-02 1.3930e-03

sl.2e-01 =8.6e-02 ,1.0e-01 sl.&e-01 tl.Se-01 =2.0e-01 tO.Oe+O0 _.9e-OS t2.1e-05

Ve[z Accx Accy Accz Vsp Ntrspd Petm

1.1906e-05 1.8969e-03 1.4357e-03 6.1715e-02 1.0693e+02 -3.1250e-01 1.00ODe+05

±1.3e-05 _1.4e-05 _2.1e-05 22.1e-04 t.3.Se-02 =5.3e-01 tO.De+O0

CALCULATIONS, rev: ctnspre

tehw tecw trtow tehf tecf tctna trtof trtec* IXCX;t

3.1070e+02 1.8483e+01 2.0020e+00 3.1240e+02 1.7996e+01 1.7996e+01 2.0112e+00 O.O000e+O0 2.8338e+00

tl.Se-01 22.2e-01 _1.5e-03 ,1.7e-01 _2.0e-01 ,2.0e-01 ,1.2e-03 tO.Oe+O0 t3.3e-02

pualt puactd pelts etcrno etapvh etapvc etait etsys dsfr1:l

2.3350e+00 2.3551e_00 2.6301e+00 5.0050e-01 2.3393e-01 2.3630e-01 8.8790e-01 1.9274e-01 5.77&Be*01

,3.6e-02 _2.8e-02 23.2e-02 =3.8e-04 s1.Se-02 ,7.5e-03 s1.ae-02 t1.2e-02 tl.ae-o2

xdrp xdspet vpa vda xca xcph puads pnads aklcls

9.9198e-01 4.1936e-03 3.4572e+00 3.4295e+00 4.0218e-02 -1.7123e+02 1.0603e-01 1.3653e-01 2.6214e+05

±9.8e-03 t2.2e-05 _1.5e-02 t2.2e-02 il.6e-04 ,7.8e-02 t6.6e-03 t8.9e-03 _6.5e+02

cads phads pufds pnfds akfds cfds I_fCls pvpsn pMaps

1.8033e+01 1.8153e+02 6.8839e-02 8.8634e-02 2.7827e+04 1.1707e+01 1.8730e+02 3.5903e+00 1.8810e-01

±1.2e+00 ±1.De-01 z3.1e-03 _4.1e-03 ±3.2e+02 _5.4e-01 _4.7e-01 t6.3e-02 t1.Te-03

pnaps akaps caps phaps Ix:i* pcphi* pea* pel_* ¢lpe*

2.3831e-01 3._79e+05 3.1476e+01 1.8203e+02 1.6_98e-01 -1.6551e+02 5.1266e-01 -1.&71&e+01 3.2&24e-02

±4.0e-03 ¢1.9e+02 ,5.2e-01 _3.3e-02 ,6.2e-0_ tl.2e-01 t3.1e-03 s2.1e-01 s2.Se-O_

dpph* pcpm prat_o dtstt _ qehl qecl qac ¢h:ffh f[ehc

7.08_9e+01 1.0319e-01 1.2301e+00 O.O000e+O0 1.2139e_01 9.1637e+00 5.0755e-02 1.698_e+00 1.2040e+00

_5.1e-01 ±6.5e-0_ ¢1.6e-03 =O.Oe+O0 s7.7e-01 t3._e-Ol t2.Se-02 tl.le-01 s3.1e-03

dpehm purehm dpecm purecm qbLeng ¢lbtatt qbtsys dtffc tqin*
1.1296e+02 1.3601e-01 5.7901e+01 7.0023e-02 9.8968e-01 8.419_e-01 9.5266e-01 4.8697e-01 8.9899e+00

_5.9e-01 tl.le-03 =8.7e-01 ±1.6e-03 s4.3e-02 sl.le-02 t4.1e-02 tl.Se-02 _5.3e-02

tqrj* purfcd purfcp pudrd pwtds I:q:mp fatta fattl=h bette

5.9860e+00 -2.3759e+00 1.2127e+01 1.7005e-01 1.7_87e-01 1.0826e-02 1.30_7e+07 -6.9362e-04 4.4&52e+01

t7.6e-02 t.3.1e-02 tS.2e-02 tl.0e-03 t4.Te-03 t$.2e-03 tS.3e+_ _.6e-06 =5.5e-01

pottts cap lind bo[tm la_icas p*4xq)n prvprm rhostt cpstt

2.9505e-01 7.8258e*02 8.&178e+O0 &.2f31e+O5 1._e-02 1.3_0e-02 1.15&2e-02 1.85&Te+O0 1.5630e+00

tS.le-02 s7.6e+O0 t9.0e-02 t&.2e+03 sS.Te-05 _d_.Te-03 t2.Te-05 tl.3e-04 sO.Oe+O0

muslt rhoct cpcl isJcl prncl

2._13e+00 1.0003e+00 4.1918e+00 1.0880e+00 7.1822e+00

t3.4e-03 _4.0e-05 =1.8e-04 sS.2e-03 t_.le-02

CONSTANTS

... ......

DR(X) DFDS DADS DPIST DDISP IOISP

&.S720e-02 8.5120e-02 8.3666e-02 1._78e-01 1.1_14e-01 1.6789e+00

ehm ecm apist aacls afds ared

2.2727e-02 2.2727e-02 1.6_63e-02 3.8561e-03 4.0496e-03 1.9355e-I_

NPIST

9.7&20e+O0

NCASE

2.2930e+03

NO_G

1.3290e-05

125



$PRE PC/TDAS Build 13, Report Dote: FrJ Jut 15 14:14:00 1994

DotaFite: 111893.dt8 ChanFite: chspre05 DATE: 11-18-93 TIME: 13:29:37

Avg of 5 RclgNs: 58.*

DYNAMIC DATA, ncyc: 4, nsam: 257

No, Name, Mean, Ampt|tude0 Phase, TilDe IPJ¢S

1 Xp -1.14&4e+O0 7.9949e+00 0.000 8.7304e-02 5.6748e+00
90_.¢t t1.1e-01 tS.5e-02 tO.O00 tA.9e-03 _3.9e-02

2 XcJ 2.6990e-02 9.0180e_00 75.806 8.7788e-02 6.4013e+00

90Z.¢1 t?..3e-01 t7.3e-02 t0.831 t6.Oe-03 t.S.Se-02

$ Pcs -3.4/d51e-02 1.1973e_00 -10.882 9.7014e-02 8.5057e-01

90¢.ct t9.9e-03 tT.6e-03 t0.160 tS.ke-03 t5.1e-03

4 IDes -6.3664e-04 1.2207e_00 -15.299 1.0009e-01 8.6750e-01

90Z.ct tl.1e-02 tT.Oe-05 t0.210 tS.Se-03 t4.?e-03

5 Podgs -1.0797e-01 1.5536e+00 77.128 1.0659e-01 1.t0_00

90X.ct t4_.&e-02 t9.2e-03 t0.055 t1.le-02 t7.1e-03

6 Ppgs -2.0113e-02 &.3150e-01 -178.381 8.7729e-02 3.0629e-01

90_.¢t tl.2e-02 t3.1e-03 t0.052 _4.5e-03 t2.2e-03

7 Pfdgs -4.8470e-02 1.6725e-01 -94.818 9.0103e-02 1.1874e-01

90"/..cL ±1.6e-02 il.3e-03 t0.780 t6.2e-03 t9.3e-04

8 loft 3.&68Be-01 6.5850e+01 88._1 8.8451e-02 4.6745e+01

90_.c[ t8,3e-01 tS.2e-01 t0.368 t4.1e-03 23.7e-01

9 Volt 1.3008e+00 3.7563e+02 30.906 8.7189e-02 2.6662e+02

90_.cl t4.Te_O0 z2.Se_O0 t0.452 tS.3e-03 tl.9e+O0

10 Vactd 5.6938e-01 2.0407e_02 88.127 8.8343e-02 1./_,86e+02

90_.ct t2.Se+O0 tl.Se+O0 20.355 t4.2e-03 tl.le_O0

11 Vcap 7.9848e-01 3.1575e+02 -2.053 8.7343e-02 2.2412e402

90X.©t t3.Se400 t2.3e_O0 t0.123 t4.6e-03 tl.Te+O0

12 iaux 1.2464e-03 O.O000e+O0 0.000 O.O000e+O0 3.4637e-03

90_.ct t3,1e-04 tO.Oe+O0 tO.O00 20.Oe+O0 t3.2e-04

STEADY STATE DATA

..... .... .. .... ..

Freque Fr-'cl Paean dPdbrg clPFdl)rg Porderr Xper Xdar Kmmh

9.&91Be+01 9.5381e*01 1.2506e+01 1.1470e+03 1.2174e+03 3.4136e-01 8.0182e-03 8.9174e-04 3.6733e+01

t6.6e-02 t6.5e- 02 t1.9e-02 t6.2e+QO t9. &e+O0 t4.6e-04 t1.5e-05 t3.9e-06 t1.8e-02

ICu_sh Kuolt ICuattb Kutddc ICuat ts FLeh FLec Ftlzc FLout

-1,A203e- 02 6.9412e+00 6.7874e+00 1.0299e+01 -3.1006e-03 1.1825e+00 1.211&e+00 5.6352e-02 1.2513e+00

t6.0e-03 tl .te-02 tS.le-02 tl.Te-02 tT.le-03 t1.6e-03 tl.0e-02 t_. le-04 tT.0e-03

Tzero Toven2 Toven3 Toven4 Teh i Tehid dTeha dTeh Teho

O.O000e+O0 6.6092e+01 6.5223e+01 6._85e+01 3.4389e+02 3.&3_Te+02 -1.1003e+01 - 1.0_69e+01 3.32_e+02

tO.O_O0 tS.Oe-02 t9.8e-02 t3.Te-02 tl.2e-01 tT.2e-02 iS.To-02 t6.9e-02 tl.3e-01

Tehod Tec | Tec i d dTeca dTec Teco Tecod Tac | clTac

3.3272e+02 2.5693e+01 2.5152e+01 5.8091e+00 5.8&S1e*O0 3.2088e+01 3.0773e_01 2.6583e*01 &.4357e+O0

tl.6e-01 tl.&e-01 t1.2e-01 t6.8e-02 t1.le*01 tl.Se-01 t8.Se-02 tl.Oe-Ol t6.Oe-02

Toco Tcv I | dTc_l dTc_s I crYectp dPdbf dPpbfg Pec | Peco

3,0767e+01 3.1185e_1 1.3116e+00 O.(X)OOe*O0 5.5637e-03 1.3234e+05 2.2262e_03 2.5687e002 1._)Oe_

t9.5e-02 t7.Oe-02 t6.ge-02 tO.OeH)O t2.Ae-05 t1.8e44)0 t2.44_01 t2.9e_O0 t2.0e+O0

Poci Paco Pc_pt Pspo_ r Pdbrgs Ppbrgs Pbrgri Pstre9 dPct4)

O.O000e_O0 1.1597e*02 1.5032e-01 2.4581e+01 1.3507e+01 1.357g_1 1.2315e+01 1.6005e+01 4.0839e_02

tO.Oe_O0 t 1.3e_00 t6.2e-02 t3.Se-02 t3.9e-03 t3.9e-02 t2.Oe-02 t6.Ze-03 t1.4_*02

Vdc Idc Tcsl Tcs2 Tfdgs Tadgs Tpgsl Tpgs2 Tesl

1.A391e*01 0. O000e+O0 O. O000e*O0 3.1545e+01 O. O000e+O0 O.O000e+O0 3.9554e*01 O. O000e*O0 3.2633e+02

t6.9e-05 tO. Oe+O0 tO.Oe+O0 t1.7e-01 tO.Oe_O0 tO.Oe+O0 s2.1e-01 tO.Oe+O0 t9. le-02

Tes2 Tes3 Tes4 Thutdl Thut d2 Tcyl To t t Tgcrl Tilcr2

3.3722e+02 O.O000e*O0 O.O000e_O0 1.0469e+02 7.8691e_01 3.8694e+01 3.7767e_01 3.1Z53e_01 3.6364e+01

tl .Oe-01 tO.Oe+O0 tO. Oe_O0 t1.8e-01 t7.Oe-02 t2.1e-01 _1.5e-01 tl.6e-01 t8.Oe*02
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$PRE PC/TDAS Build 13, Report Date= Fri Ju| 15 14=14:00 1994

OatsFf(e: 111893.dta ChanFf(e: chupreOS DATE: 11-18-93 TIME: 13:29:37

Avg of S RcigNs: 58.*

STEADY STATE DATA

........ .........

TJ rsrf Tsesrf Tsbsrf Tesrfl Tesrf2 Tesrt3 Tghrl Tghr2 Tghr3

3.4279e_01 2.6_S8e*02 4.9S56e+01 3.1354e*02 2.9165e+02 2.9317e*02 O.O000e4_O O. O000e*O0 0._

xS,9e-01 t1.5e-01 t$.le-02 *3.3e-01 tl.le-01 t1.3e-01 tO,Oe*O0 tO, Oe+O0 tO.Oe+O0

Tghr4 Tascyt Tkmanl TJomn2 Tkamn3 Tctws Tctw Tcuhei Tc_heo

O.O000e_O0 -&.9205e_01 2.0715e_01 2.5833e_01 2.0313e_01 8.57105e÷00 5.Z6&Se÷O0 S.0392e+01 1 .&751e_01

tO.Oe+O0 tl.0e-01 t2. le-02 t4.Te-02 tS.Se-02 t1.8e-01 tl,Te-01 tl.le-01 sl.3e-01

Tcwc Tbrgr tclbrgs TId)rgs Tsreu Tsresb Disz Vetx Vet y

2.5q59e+01 3.6503e+0! 3.0902e*01 3.6026e+01 3.431S_02 3.4305e_02 O.O000e+O0 1.0112e-02 1.2660e-03

t1.3e-01 t1.5e-01 tl .&e-01 t2.4e-01 tl.2e-01 _2.0e-01 tO.Oe_O0 t1.3e-05 tl .le-05

Ve [ z Accx Accy Accz Vsp fltrspd Petm

2.3217e-03 6.438_e-03 6.0523e-03 -6.2737e-02 1._62e+02 1.5625e-01 1.0000e+O5

t1.7e-05 t1.9e-04 t1.5e-04 tO. Oe+O0 tO.Oe+O0 _4.3e-01 tO,Oe+O0

CALCULATJONS, rev: c[nspre
. .................. ...o...o..o..

teh, te¢, trtou tehf tecf tctna trtof trtec* pypst

3.3307e*02 3.0159e_01 1.9987e*00 3.3839e+02 2.8597e+01 2.8597e_01 2.0267e*00 O.O000e+O0 8.87_5e+00

s6.6e-02 t1.6e-01 tB.ge-04 _8.9e-02 sl.Se-01 t1.5e-01 =8.3e-04 tO. Oe*O0 tS.2e-02

puatt puactd parts etcrno etuFvh etapvc etatt etsys dsfrq

6.6389e.+00 6.7191e+00 8.3392e-,-00 4.9967e-01 2.3411e-01 2.3192e-01 7.9613e-01 1.7572e-01 9.1310e+01

tl.2e-01 zl .Oe-01 tS.Oe-OZ t2.Ze-04 22.2e-03 _1.8e-03 tl.6e-02 t3.ee-03 tT.Oe-02

xdrp xdspet vpa vda xca xc_ puads pnads akads

1.1280e*00 4.2kS82e-03 &. 7680_00 5.3782e*00 3.6157e-02 -I.6980e*02 3.7160e-01 4.5713e-01 6.6414e_D5

=1.5e-02 =3.4e-05 23.4e-OZ t&.6e-O2 tZ.ee-04 t1.4e-01 _?..2e- 02 t3.3e-O2 t2.6e+03

cads phads I_fds pnfds akfds cfds phfcls pvpsn peeps

2.570_+01 1,8132e4_2 2.9(_ee-Ol 3.6485e-01 7.41Die-D4 2.051_-+01 1,8938e_02 1.3879e+01 4. ;_LSOe-01

tl.ge_o0 =9.3e-02 _3.6e-03 =7. le-03 t4.3e_02 t4.1e-01 t1.ge-01 t2.Ze-01 re.Be-03

pnaps ekaps caps phups pci * pcph i * pea* pel=h* dpa*

7._875e-01 8.8819e+05 4.2103e+01 1.8162e*02 1.4MSe-01 -1,A321e+02 1. lW_H)O -1.6941e_)1 1.2653e-01

=2.4e-02 tq.4e+02 =1,3_00 =5.2e-02 t1.2e-03 tZ.4e-01 t7.ee-03 s2.Se-01 t2.2e-03

dpph* I:x:pm prat i o dts tt* qehl qec 1 qac dtf fh f tehc

7.5697e+01 9.5733e-02 1.2117e_00 O.O000e+O0 3.71_1e*01 Z.9378e+01 1.043(_+00 5.3205e_)0 1.1_64_00

_9.8e-01 =5.6e-04 t1.4e-03 _O.Oe_O0 tl.ee-01 =1.4e-01 =1.9e-02 t2.6e-02 =1.6e-03

dpehm purehm dpecm purer.= qb_en9 qbLatt qbLsys dtffc tqin*

1.0926e*02 1.30T2e-01 5.7237e*01 6.9344e-02 1.0095e_00 8. (_SOge-01 9.7811e-01 1,5612e_00 3.2MSe_01

=3.0e-01 tS.4e-04 z9,6e-01 tl. 7e-03 t5. ?e- 03 tl. 7e-02 _7.8e-03 _7.6e- 03 t1.4e-01

tqr j* purl cd purl cp pudrd put(Is _q=mp fe | ta fat tph be tte

2.3392e+01 -2.0673e*00 1.2331e*01 6.2205e-01 6._28e-01 6.64_2e-03 2.7579e+07 -8.O&2&e-O& 4.2305e_01

=l.Se-01 tl.3e-02 tl .Se-02 _2.7e-03 t2.2e-02 t2.3e-02 t2. Oe*05 tl.le-05 t6.2e-01

psttls cap aind bettm pvdcas p_mpn pruprm rhoslt cpstt

1.7003e+00 3.&971e*02 8,2102e+00 &. 1884e*05 5.2874e-02 8.0010e-03 4.1455e-O2 1,8352e4_0 1.5630e*00

s1.4e-01 s4.9e_O0 s1.3e-01 _5.8e*03 t3.1e-04 t2.ee-02 t1.4e-04 t6.Te-05 tO.O_O0

mustt rhoct cpcL uuct pmcL

2.4845e_00 9.9788e-01 4.1838e+00 8.8161e-01 5.5395e÷00

_l.&e-03 t4.Oe-05 t8,Se-05 _2.0e-03 tl.8e-02

CONSTAIITS

DROD

&.S720e-O2

ehm

2.2727e-02

DFDS DADS DP]ST DOISP NDISP

8.5126e-02 8.2k_6e-O2 1.4473e-01 1.1414e-01 1.67_;_',00

ecru api st ads afds erod

2.2727e-02 1.6_S3e-02 3.8561e-03 &.O496e-03 1.9355e-04

NPIST

9.7420e_00

MCASE

2.2930e+03

A_4AG

1.3290e-05
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$PRE PC/TDAS BuiLd 13, Report Date: Fri Jut 15 1&:15:57 1994

DataFiLe: 121793.dta ChanFiie: chspre05 DATE: 12-17-93 T[NE: 09:57:05

Avli of 5 ItdgNs: 13.*

DYNN41C DATA,
**o...**o...

Now Name,

1 Xp

90X.ct

2 Xd

9_..ct

3 Pcs

90X.cL

4 Pes

9O_,.c L

S Paclgs

90X.ct

6 Ppgs

90X.ct

7 Pfdgs

90_.cL

8 iatt

90¢.cL

9 VaLt

90_..ct

10 Yactd

90X.©t

11 Vcap

90_C.c[

12 laux

_Y,.cL

ncyc: &, nsm: 257

Nean, Jmplitude, Phase, Tin, ItNS

-2.0658e+00 7.981(_00 O,000 3.5_5e-02 S.(AT_+00

tS.Te-02 t2.Ze-02 20,000 _.9t-03 t1.6e-02

1.28S5e+00 8.M1(_-400 72.958 3.5518e-02 5._182e_00

t6.3e-02 tl.ge-02 t0.306 ¢3.4e-03 tl.&e-02

3.8033e-01 4.M10e-01 -10.7V5 6.1742e-02 3.31(Ge-01

tS.Oe-03 tS.3e-04 t0.104 tS.le*G3 t4.1e*04

-$. 1673e-03 4.6850e-01 -13.441 6.3515e-02 3.319Se-01

t2.1e-03 tT.Se-04 t0.241 tS.Se-03 tS.3e-04

-&.0011e-02 5.5455e-01 74.593 6.5M0e-02 3._;)8e-01

t9.6e-03 tT.0e-04 t0.286 t4.ge-03 sS.Se-04

4.333J, e-04 1.6814e*01 179.562 3.3894e-02 1.1896e-0|

_2.5e-03 _.4e-04 t0.111 t&.3e-03 _2.5e-04

-8.7453e-03 5.7729e-02 -97,921 5.3397e-02 4.0880e-02

sT.9e-03 t6.0e-O_ _0.214 t8.4e-03 t4. le-04

2.8657e-02 2.6483e+01 90.585 4. Tr/ge-02 1.8748_01

t9.2e-02 t7.1e-02 t0.155 tS.Te-03 tS.1e-02

-5.5101e-02 1.6700e+02 58.675 4.&347e- 02 1.1821e+02

t6.7e-01 t2.0e-Ol _0.2_ tS.Te-03 _1.3e-01

1.1552e-01 1.4221e+02 89,761 4.6TJSe-02 1.0067e+02

tS.Oe-Ol t4.Se-01 t0.158 tS.Se-03 _.1e-01

-8.6518e-02 9.1871e+01 -0.058 3.7089e-02 6.S008e+01

t4.1e-D1 s3.9e-01 _0.033 tS.3e-03 t2.Se-01

1.1476e-03 0.0000e+00 0.000 0.0000e+00 3.7774e-03

_1.5e-O_ _0. Oe+O0 tO.O00 tO.Oe+O0 t3.Se-04

STEADY STATE DATA

Freq_e

6.219_e*01

t2.2e-02

iCussh

-5.3262e-03

• 6.0e - 03

Tzero

O.O000e+O0

tO.Oe_O0

Vehod

3.1107e+02

s3.0e-01

Taco

1.1K12e+01

tl.Se-Ol

Pact

0.0000e+00

,0.0e+00

Ydc

1.0012e-01

tS.3e-05

Tes2

3.00Tre+02

tl.4e-01

Freq Pmean

6.2200e+01 5.0_9e+00

t2.2e-02 tS.5e-03

Kua ( t KMaLtb

1.9041 e+O0 1.8583e_00

_1.7e-03 t2.3e-02

1oven2 Toven]

6.6150e_01 6.5254e+01

tT.9e*02 t7.Te-02

Teci Tecid

1.63_9e+01 1.5813e_01

_1.5e-01 _&.2e-02

Tc_L i dTcut

1.7802e_01 &.0856e-D1

_6.&e-02 tT.9e-02

Paco Pcupi

1.1304e+02 -2.5697e_01

,7.8e*00 t2.ge*o0

Idc Tcsl

0.0000e+00 0.0000e+00

t0.Oe_00 t0.0e+00

Tes3 Test,

O.0000e+00 0.0000e+00

_O.Oe*O0 _O.Oe+O0

dPdbrg dPpbrg Perderr

1.1699e+03 1.2055e+03 3.3667e-01

t3.0e+00 t3.6e+O0 t2.3e-04

Kwtddc Kmtt$ FLeh

1.M81e+00 -6.5112e-03 1.1950e+00

_1.7e-03 _3.7e-03 tl .le-03

Tove_ Teht Tehid

6. &gg4e+01 3.1425¢,+02

t1.2e-01 tZ.2e-01

ciTeca clTec

1.9647e+00 1.9391e*00

tS.4e-02 tt .3e-01

dTc_sL dTlctp

O. 0000e+00 1 ._211e-03

tO.Oe+O0 t2.4e-O5

Pspai r Pdxl;s
2.4727e+01 6.039&e+00

tl .(_-02 ts.ge-03

Tcs2 Tfdgs

1.6124e+01 0.0000e44)0

tl .Se-01 tO.Oe_O0

Thutdl Tl_dLd2

1.0107e+02 7.7131e+01

,,1.8e-01 :z1.3e-01

Xpar Xdar

7.9772e-03 7.93_e-04

t8.4e-06 tl .Se-06

FLec FLac

1.1751e+00 5.5997e-02

_4.3e-02 t2.1e-03

dTeha dTeh

3.1397e+02 -3.2676e+00 -2.7643e+00

t1.2e-01 t1.5e-01 t1.6e-01

Teco Tecod Teci

1.8987e*01 1.7625e*01 1.7&6let01

s7.2e-02 tl.Te-01 tl.4e-01

dPdbf dPidbfg Peci

1.250_03 1.7_65e+03 2.&_

_.2e+00 t1.1e_01 t1.8e_01

_S Pbrgri Pstreg

6.0_ 4.9030e+00 1.6105e_01

t9.Se-03 tS.6e-03 tS.Oe-03

Taclrg$- Tl_sl Tpgs2

O. O000e+O0 2.3130e+01 0 ._

tO.Oe+O0 t1.8e-01 :0.0e_00

Tcyt Tatt Tgcrl

2.2809e+01 2.1949e+01 1.5909e+01

_1.7e-01 _2.5e-01 t1.5e-01

Kusuh

3.9102e+01

_6.7e+00

FLcu_

1.21T_e_00

t4.Se-02

Teho

3.1074e_02

t2.0e-01

dTac

1.1587e_00

t1.1e-01

Pe¢o

1.3923e*02

t9.7e,*.O0

clPc_p

S.3101e_05

t3.9e*04

Tesl

3.0015e*02

tT.3e-02

Tgcr2

1.9S67e+01

t1.6e-01
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SPITE PC/TDAS BuiLd 13, Report Dote: Fri Jut 15 1&:15:57 1994

DetaFiLe: 121793.dta ChanfiLe: chspre05 DATE: 12-17-93 TIME: 09:57:05

Avg of 5 ItclgNs: 13.*

$TEN)T STATE DATA

. .... ...o... .....

Tjrsrf Tsesrf Tsl_rf Tesrfl Tesrf2 Tesrf3 Tghrl Tghr2 Tghr3

2.1&2Be+01 2.2125e+02 4.37Me401 2.7699e+02 2._;90e+02 2.&352e+02 O.O000e+O0 O.O000e+O0 O.O000e+O0

tl.9e-01 t8.Te-O2 tl.0e-01 tl.3e-01 tl.9e-01 tl.Se-01 tO.Oe+O0 tO.Oe_O0 tO.Oe+O0

Tghr4 TascyL Tkmanl TkmarQ Tlmian3 Tctus Tctwr Tcuhei Tcuheo

O.O000e+O0 -6.9134e_01 1.9937e+01 2.T&Ole+01 2.169_+01 1.0t_)e+01 9.6413e4_)0 5.3351e+01 1.3266_01

tO.Oe_O0 tl.Se-01 t1.4e-01 t1.6e-01 t7.6e-02 tg.4e-02 tl.le-Ol t9.3e-02 tl.3e-01

Tcuc Tbrgr Tdbrgs Tpbrp Tsresa Tsresb D|sz Vetx Very

1.6474e_01 2.2563e_01 2.6/_6e+01 3.4501e+01 3.1623e+02 3.1538e+02 0._ 1.0489e-02 9.2869e-04

tl.?e-01 tl.6e-01 _I.7e-01 tl.Se-01 sl.Se-01 tl.6e-01 tO.Oe4_O t3.Te-05 sl.le-05

VeLz Accx Accy Accz Vs4) Ntrspd Patm

O.OOOOe+O0 1.8157e-03 1.4878e-03 6.1304e-02 9.8113e_01 1.5625e-01 1.0000_05

tl.Te-05 sl.3e-05 t2.6e-05 tl.Se-04 t3.Se-02 t&.3e-01 tO.Oe+O0

CAL_LATI_S, rev: ct_pre
..... ...........................

tehu tecu trtow tebf tecf tcLna trtof trtec* pvpst

3.1100e+02 1.7846e+01 2.0074e+00 3.1261e_OZ 1.7332e_01 1.7332e_01 2.0165e+00 O.O000e_O0 2.2508e+00

t2.Se-01 z1.8e-01 t1.3e-03 _2.4e-01 s1.7e-01 t1.7e-01 s1.2e-03 20.Oe_O0 t1.7e-02

j_a Lt pumcLd pat ts etcrno etaj:_h etlq_¢ eta tt etsys dsfrq

1.8772e+00 1.8829e+00 2.2707e+00 5.018/,e-01 1.9458e-01 1.8877e- 01 8.2673e-01 1.6228e-01 5.7_8e+01

t9.4e-03 tl .De-02 t1.8e-02 _3.2e-04 t7.Se-03 t8.8e-03 t&.&e-03 t6.&e-03 t&.9e-02

xdrp xdspet vp8 vda x¢8 xcpdh pidl_ls pnads Iksds

1.0125e+00 3.8770e-03 3.1190e+00 3.1581e4@0 3.6091e-02 - 1.7098e402 9.6330e-02 1.4750e-01 2.6t_9e+O5

t3. le-03 =1.0e- 05 =8.3e- 03 iS. d;e- 03 t1.2e-04 t&. 2e-02 tZ.9e-03 t4. Be- 03 t3.5e+02

cods phads pufds pnfds _fds ¢fds phfds p,q_sn pimps

1.9318e+01 1.8163e_02 5.8517e-02 8.9596e-02 2.8562e_04 1.1735e_01 1.8912e+02 3.5333e*00 -3.2996e-02

*6.&e-01 :tS.2e-OZ tS.Oe-04 :_8.2e-0_ ,.3. Ie+02 tl .le-01 t1.Ge-01 tG. le-02 t8.Se-03

i_aps 8kaps caps I_aps pci* pcl_i* pea* pe_* clpa*

-5.1762e-02 3.#_80e+05 -6.7792e_0 S.3956e_02 1._811e-01 -1.6506e_2 _.6575e-01 - 1.&SO6e+01 3.0329e-02

s1.3e-02 t3.0e+O2 _1 .Te+O0 tl .le-01 tS.2e-O_ t8.2e-02 tS.Se-04 sl.2e-01 t3.9e-04

dpph* pcpm pratio dtsLt* qehl qecl qac dtffh ftehc

7.2900e_01 9.2934e-02 1.2049e+00 O. O000e+O0 1.157_e+01 9.6856e_00 2.7261•- 01 1.6169e+00 1.2079_00

x3.3e-01 tl.Se-O/, t4.3e-04 ±O.Oe_O0 tS.le-01 t5.&e-Ol t.3.2e- 02 t7.2e-02 tl.le-03

•_ purehm dpecm purecm qb[ eng qbtatt qbt sys dtffc tq|n*

1.1367e+02 1.3731e-01 5.4769e+01 6.&_9e-02 1.0324e+00 9.5504e-01 1.0237e+00 5. l&70e-01 7. S180_00

tZ.Ze-01 _3.9e-04 t4.0e_O0 tT.le-03 tT.6e-02 _1.3e-02 t7.Te-02 =2.9e-02 =2.1e-02

tqrj* purfcd purfcp pudrd p_ds pupmp fotta fottl_ butte

5.1250e+00 -2.2S27e+00 1.2106e+01 1.4221e-01 1.5485e-01 &.8954e-04 1.1821e+07 -7.1198e-0_ &.5456e+01

_1.5e- 02 _1.6e-02 t1.6e-02 t&.Oe-04 t2.qe-03 t3.2e- 03 t3.2e+04 t3. Oe-06 t2.&e-01

peLtLs csp aind buLtm pudcos pupmpn pruprm rhosLt cpctt

3.93_7e-01 7.3769e+02 8.3901e_00 &.&635e+05 1 .$125e-02 7.&355e-O& 9.6952e-03 1.8_5e+00 1.5630e*00

tl.2e-02 t&. le+O0 tT.Se-02 t1.9e_3 t4.6e-05 t&.8e-03 t1.8e-05 tl .Ie-O_ tO.Oe+O0

mJstt rhoct cpct muct prncL

2.9370e+00 1.0005e+00 &. 192&e+00 1.1053e+00 7.3181e+00

t_.Se-03 t3. le-05 =1.5e-04 s4.&e-03 t3.&e-02

CONSTANTS

. ........

DROD DFD$ DADS DPIST DOISP

&.5720e-02 8.5126e-02 8.3666e-02 1 .kr_78e-01 1 .l&l&e-01

ehm ecru apist mmcis ofds

2.2727e-02 2.2727e-02 1.6zd53e-02 3.8561e-03 &.O_96e-03

mlSP

1.67159e+00

arod

1.9355e-04

Og_IST

9.7420e+00

MCASE

2.2930e+03

AJO4AG

1.3290e- 05
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SPRE PC/TDAS Bui|d 13, Report Date: Thu Jut 21 11:01:21 1994

DataFiLe: 121793.dt8 ChanFi|e: chspreO5 DATE: 12-17-93 TIME: 09:59:05

Av9 of 5 RdgNs: 14.*

DYNAMIC DATA, ncyc: 4, nsam: 257
..o....* ....

No, Name, Mean, &aptitude, Phase, THO, RNS

1 Xp -2.1047e*00 8.8828e_00 0.000 6.$167e-02 6.2945e_)0

90_.cL tS.le-02 t3.4e-02 tO.O00 =6.6e-03 t2.6e-02

2 Xd 1.1490e+00 8.?373e+00 71.965 6.43&1e-02 6.1910e*00

90X.cL t1.3e-01 t3.6e-02 t0.739 tS.ge-03 t2.6e-O2

3 Pcs 3.1881e-01 5.1505e-01 -10.074 8.3062e-02 3.65&6e-D1

90X.ct t3.4e-03 t1.3e-03 t0.183 t9.te-03 tl.0e-03

4 Pea -2.6239e-03 5.1606e-01 -12.530 8.3693e-02 3.6619e-01

90_.c[ t3.Te-03 tl.3e-03 t0.326 tl.le-02 tl.te-03

5 Paclgs -6.6298e-02 5.9687e-01 ?3.566 8.6782e-02 4.2223e-01

90X.¢[ _9.8e-03 tZ.Oe-03 t0.775 ta.2e-03 tl.Ze-03

6 Ppgs -5.2511e-03 1.8591e-01 179.676 6.&O6?e-02 1.3173e-01

90X.cL tT.Te-04 _7.7e-04 t0.151 s4.Te-03 tS.Te-04

7 Pfdgs -3.3065e-02 6.1228e-02 -98.396 7.1189e-02 4.3405e-D2

90_.ct t6.?e-03 t6.Te-04 t0.625 _5.4e-03 t4.8e-04

8 XaLt 4.1576e-02 2.7655e+01 90.854 7.6907e-02 1.9613e_01

90_.ct i3.2e-01 tT.4e-02 *0.331 tS.2e-03 t4.ge-02

9 Vatt 2.6326e-01 1.8043e+02 59.691 7.4242e-02 1.2794e*02

90X.c_ _2.0e+00 24.4e-01 t0.413 _5.9e-03 _.3e-01

10 Vactd 2.0236e-01 1.5500e-02 90.035 7.$822e-02 1.0992e*02

90_.ct tl.8e+00 26.2e-01 t0.340 25.4e-03 t4.1e-01

11 Vcap 1.5274e-01 9.?099e+01 0.134 6.6775e-02 6.8813e+01

90Z.ct _4.9e-01 _5.3e-01 20.038 t7.0e-03 t4.0e-01

12 Iaux 1.2236e-03 0.0000e+00 0.000 0.0000e*00 3.4719e-03

90_.ct _1.0e-04 _O.0e4.OO ,O.OOO _0.Oe+OO _2.2e-04

STE_Y STATE DATA

... ...... ......o.

Freque Freq Paean dPdbrg dPl_rg Perclerr Xpar Xdar I(usmh

6.1974e,01 6.1973e.01 4.9990e+00 1.1711e+03 1.1980e_03 3.3901e-01 8.8580e-03 8.6270e-O& 3.6_e*

sl. 2e- 02 25.9e- 02 _5.8e- 03 t3.8e+O0 t.3.3e*O0 t1.3e-O& tT.6e- 06 t2.&e-06 22.&e- 0

Kussh K_att Kuattb K_tddc KwaLts FLeh Ftec Ftec FLcut

-1.0652e-02 2.1888e+00 2.1818e*00 2.1697e+00 -6.2012e-O& 1.19&6e+O0 1.2197e+00 5.8191e-02 1.2650e+

s4.9e-03 t1.6e-03 _2.8e-02 t1.7e-03 t5.2e-03 t2.0e-03 t6.9e-03 t2.3e-04 t8.ae-0

Tzero Toveru2 Toven3 Tover_ Teh | Teh | d dTeha dTeh Teho

0.0000e*00 6.6139e-01 6.5195e+01 6.&896e*01 3.1510e*02 3. l_Sge_02 -3.6645e+00 -3.1233e+00 3.1126e+

_0.0e+00 _6.5e-02 t9.4e-02 _9.5e-02 t1.Se-01 tl.7e-01 t4.Te-02 tl .le-01 t2.Oe-0

Tehod Tec_ Tec_d dTeca dTec Teco Tecod Tac| a'1"_

3.1148e.02 1.6540e+01 1.6085e+01 2.1030e*00 2.0352_ 1.9401e.01 1.8036e+01 1.7698e+01 1.1245e_

t1.1e-01 t9.2e-02 tl.Se-01 t6.Te-02 tl.0e-01 tl.0e-01 t2.0e-01 tl.1e-01 tl.le-C

Taco Tc_ [ _ dTcu [ dTc_s ( dTectp cPdbf dPld_fg Pec | Pecc

1.8564e-01 1.8107e+01 &.S666e-01 0. O000e+O0 1.8810e-03 1.2474e+03 1.7970e+03 2.&637e*02 1.5011e_

t1.2e-D1 s9.Te-02 t1.0e-01 tO.0e+O0 t1.4e-05 _.3.6e.00 t2.0e+01 tl .ae*O0 t4.4e-C

Pac i Paco Pcu_pJ Papa i r Pdbrgs _ Pbrgr i Ps treg dPc,_
0.0000e-00 1.2217e-02 -2.8489e_01 2.&82Be+01 5.9991e_00 6.0365e_00 4.8613e*00 1.6061e_01 5.7173e_

_0.0e+00 t4.ae-Ol _3.1e-01 t4.Te-02 t5.6e-03 ta.Se-03 _6.8e-03 -4.0e-03 t2.4e*C

Vdc ]clc Tcsl Tcs2 Tfdgs Taclgs Tpgsl Tpgs2 Tesl

1.0983e-01 0.0000e_00 0.0000e-00 1.6741e*01 0. O000e_O0 0.0000e+00 2._;33e+01 0.0000e+00 2.9960e_

t4.3e-05 -0.0e+00 :1:0.0e+00 .1.9e-01 tO. Oe+00 tO.0e+O0 t2.ae-01 -0.0e,'.00 *&;Te-©

Tes2 Tea3 Try4 Thutdl Thutcl2 Tcyt Tart Tgcrl Tgcr;_

3.0135e*02 0.0000e-00 0.0000e-00 1.0111e-02 7.7240e_01 2.2992e+01 2.1982e+01 1.6167e+01 2.0129_

s1.Se-01 sO.De*00 tO.0e+O0 _1.2e-01 t1.6e-01 s2.5e-01 t9.6e-02 s1.1e-01 tg.3e-(
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SPRE PC/TDAS Build 13, Report Dste: Thu JuL 21 11:01:21 1994

DataFite: 121793.dta ChanFi|e: chspre05 DATE: 12-17-93 TIME: 09:59:05

Avg of 5 RdgNs: 14. t

STEADY STATE DATA

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2 Tesrf3 Tghrl Tghr2 Tghr3

2.1434e+01 2.2335e+02 4.4075e+01 2.7751e+02 2./_62e_02 2.4602e+02 O.O000e_O0 O.O000e_O0 O.O000e_O

tl.6e-01 _2.4e-01 t1.4e-01 tl.7e-01 tl.Se-01 t2.4e-01 t0.0e+00 t0.Oe+00 _0.0e+O0

Tghr4 Tascyt Timanl Timan2 Tiomn3 TctMs Tctur TcMl_ei TcMheo

O.0000e+00 -6.9103e_01 2.0010e+01 2.T279e+01 2.1818e+01 1.0531e+01 9.5481e_00 $.3_2e+01 1.3399e+01

=0.0e+00 _1.8e-01 _8.1e-02 =1.3e-01 tl.Se-01 _1.3e-01 21.2e-01 tl.Se-01 22.4e-01

Tcwc Tbrgr Tclbrgs Tl_rgs Tsresa Tsresb Disz Ve|x Very

1._58e+01 2.2493e+01 2.6278e+01 3._55e+01 3.1621e_02 3.153_+02 0.0000e+00 1.1609e-02 1.0160e-03

_1.4e-01 s9.Te-02 21.0e-01 t2.0e-01 tl.6e-01 tl.$e-01 t0.0e+O0 t4.qe-05 tl.le-05

Ve[z Accx Accy Accz Vsp Ntrspd Pata
3.9687e-06 1.9658e-03 1.6242e-03 6.1188e-02 1.0751e+02 3.1250e-01 1.0000e+05

t1.le-05 _6.9e-05 28.6e-05 =1.7e-04 _3.5e-02 tS.3e-01 t0.0e+O0

CALCULATIONS, rev: ctnspre

tehu tecw trtou tehf tecf tctna trtof trtec* pvpst

3.1146e+02 1.8163e+01 2.0068e+00 3.1327e+02 1.7591e+01 1.7591e+01 2.0170e+00 O. O000e+O0 2.5652e+00

±1.4e- 01 ±1.3e- 01 ±1.3e- 03 _1.4e-01 _1. le-01 ±1. le-01 =1.2e-03 tO. Oe_O0 t4.Se-02

pua t t puac Ld pat ts etcrno etapvh etawc eta[ t etsys dsfrq

2.1349e+00 2.1430e*00 2.5796e+00 5.0170e-01 1.9793e-01 1.92_e-01 8.2769e-01 1.6473e-01 5.7729e+01

t1.3e-02 t1.4e-02 _3.7e-02 ±3.2e-04 _4. le-03 _7.8e-03 =1.3e-02 t2.0e-03 t3.3e-02

xdrp xdspet vpa vda XCa xcph I:_ads I:nlKJS 8kads

9.8362e-01 4.1679e-03 3.4589e+00 3.4023e_00 4.0183e-02 -1.7129e+02 1.0898e-01 1.4277e-01 2.624&e+05

_4.9e-03 _1.3e-05 _1._e-02 tl._e-02 =2.1e-0_ t6.0e-02 t.3. le-03 tS.2e-03 t8. le+02

cads phads pufds pnfds ekfds cfds phfds I:ql_n pumps

1.8832e+01 1.8160e+02 7.0_3e-02 9.2525e-02 2.7977e+0_ 1.220_e+01 1.896_e+02 3.2510e+00 -2._36e-02

=6.9e-01 =5.6e-02 =3.3e-03 z3.7e-03 _2.3e+02 _4.8e-01 _3.1e-01 t6.0e-02 t1.4e-02

pnaps akaps caps phaps pcJ* pcph i * pea t peph* dim*

-3.7922e-02 3._455e+05 -5.0021e+00 5.3968e+02 1.6479e-01 - 1.6558e_02 5.1135e-_1 -1 ._9e+01 3.2400e-02

±1.8e- 02 _2.5e+02 ,2.3e+00 tl. 5e-01 _1.0e-03 =1.2e- 01 _1.4e- 03 _2. le-01 t6. Oe- O_

dpph* pcpm pratio dts[t* qehl qecl qac dtffh f[ehc

7.1572e+01 1.0303e-01 1.2297e+00 O.O000e+O0 1.2961e+01 1.0758e*01 2.7_1e-01 1.8103e+00 1.2076e+00

_8.0e-01 x2.7e-O& =6.7e-04 _O.Oe_O0 =1.6e-01 =3.8e-01 =2.6e-02 _2.3e-02 _2.0e-03

dpehm I:_rehm clpecm purecm qbt eng Clbta t t qb Lsys dt f fc tq i n*

1.1355e+02 1.3712e-01 5.8937e+01 7.1886e-02 1.0281e+00 9.3941e-01 1.0161e+00 5.7168e-01 8.8783e+00

_3.9e-01 =7.0e-O_ =6.6e-01 _1.2e-03 _3.4e-02 =2.2e-02 =3.6e-02 t2.0e-02 _2.8e-02

tqrj* purfcd purfcp pudrd Inutds PuluuP fa Lta fat tl:h be tte
6.1452e*00 -2.1694e+00 1.2081e+01 1.6794e-01 1.7_2e-01 3.8621e-03 1.3063e+07 -6.8785e-O& _.&6&2e+01

_2.2e-02 =3.8e-02 ,2._e-02 tS.2e-0_ tl.3e-03 tl.2e-03 tS.Se+0_ t_.4e-06 _3.2e-01

pattLs cap mind bettm I_Jcas Igqumpn prq;xln rhostt ¢pstt

4._472e-01 7.3142e+02 8.4568e+00 4.7236e+05 1.55&Oe-02 5.0550e-03 1.1470e-02 1.85&Oe+O0 1.5630e+00

=4.0e-02 ts.ge+o0 ±1.3e-01 s3.2e+03 t4. le-05 ±1.0e-03 t2.0e-05 =1. le-04 tO.Oe+O0

mustt rhoc[ cpct Buct prncL

2.9240e+00 1.000_e+O0 4.1921e+00 1.0985e+00 7.2_3e+00

_2.8e-03 t2.2e-05 _1 .le-O_ t.3. Oe- 03 _2.3e-02

CONSTANTS

..... ....

DRO0

4.5720e-02

ehm

2.2727e-02

DFDS DADS DPZST DD]SP NDISP

8.5126e-02 8.36_e-02 1._78e-01 1.1_1_e-01 1.6789e+00

ecm apist a4KIs afds arod

2.2727e-02 1.6_63e-02 3.8561e-03 _.0496e-03 1.9355e-0_

NPlST

9.7420e+00

NCASE

2.2930e+03

AIOqAG

1.3290e-05
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SPRE PC/TDAS BuiLd 13, Report Date: Thu Jut 21 11:01:21 1994

DataFite: 121793.dta ChanFite: chspreO5 DATE: 12-17-93 TINE: 10:07:27

Avg of 5 RdgNs: 19.*

DYNAMIC DATA, ncyc: 4, nsim: 257

No, Name, Mean, AmpLitude, Phase, TND, INS

1 Xp -2.0849e+00 8.8723e+00 0.000 3.5579e-02 6.2776e+00

90X.ct t3.3e-02 s2.0e-02 sO.O00 24.1e-03 tl.Se-02

2 Xd 1.1475e+O0 8.81S4e+00 71.451 3.74S3e*02 6.2378e+00

903.cL tS.Se-02 t2.2e-02 _0.328 t3.3e-03 t1.6e-O2

3 Pcs 2.7461e-01 5.1642e-01 -10.208 6.1901e-02 3.6586e-01

90X.ct t6.4e-03 s1.Se-03 t0.084 t3.2e-03 tl.le-03

& Pes &.9255e-04 5.1770e-01 -12.792 6.3743e-02 3.6681e-01

90¢.¢L sl.0e-03 t2.4e-03 t0.184 t2.Se-03 _l.?e-D.3

5 Padgs 5.5019e-05 6.0350e-01 T5.046 7.0527e-02 4.2784e-01

90¢.ct tB.le-03 t2.1e-03 t0.302 t4.3e-03 t1.4e-03

6 Ppgs -1.1251e-02 1.8710e-01 -179.098 3.56_e-02 1.3Z38e-01

90_.cL _2.5e-03 t4.6e*04 t0.068 t2.Se-03 t.3.4e-04

7 Pfdgs -8.3819e-03 6.2676e-02 -99.091 5.1080e-02 4.4377e-02

90_.ct tS.1e-03 tS.9e-04 t0.695 tl.9e-03 t4.2e-04

8 latt -3.9623e-02 2.;r898e+01 87.928 5.1482e-02 1.9753e+01

90_.ct _7.2e-02 t4.5e-02 t0.307 t4.3e-03 t3.Ze-02

9 Vatt 3.5123e-02 1.7818e+02 59.074 4.6598e-02 1.2613e*02

90"/,.ct t6.6e-01 _4.3e-01 t0.190 t4.7e-03 t2.9e-01

10 Vactd -2.5923e-01 1.5646e+02 89.724 4.9056e-02 1.1077e+02

90"/,.ct t4.2e-01 t4.1e-Ol t0.278 t4.1e-03 t2.Se-01

11 Vcap 3.9731e-01 9.6776e+01 -2.629 3.7530e-02 6.8479e+01

90X.cL _3.2e-01 _3.6e-01 t0.054 t4.1e-03 _2.0e-01

12 Iaux 3.0398e-05 3.2348e+00 66.306 6.58_e-02 2.2923e+00

90"h.ct t1.3e-02 _3.4e-02 20.222 t4.3e-03 t2.4e-02

STEADY STATE DATA

.o.. .... .o.......

Freclue Freq Pmean dPclbrg dPl=brg Perder r Xpar Xdar Kus_

6.2190e+01 6.2207e+01 5.0329e+00 1.1696e*03 1.2052e+03 3.3671e-01 8.8681e-03 8.6653e-04 3.1875_

tl.Be-02 z3.4e-02 t8.0e-03 _l.2e+OO tl.?e+O0 sl.9e-04 tl.1e-05 t2.4e-06 s2.9e-O

Kussh KMat t Kuatt b Kutddc Kw8t t s Ft eh FLec FLic Ftcut

- 1.0652e-02 2.2084e+00 2.1715e+00 2.1900e+00 3.1006e-04 1.1926e+00 1.2237e+00 5.8352e-02 1.2684e*

_4.9e-03 tl. 1e-03 _3.2e-02 zl.Te-03 t7.Se-03 t2.2e-03 t4.5e-03 tl.6e-O& t4.Te-O

Tzero ToverQ Toven3 Toven4 Teh i Teh id dTeha dTeh Tehr

O.O000e+O0 6.6114e+01 6.5256e+01 6._K_,+01 3.1681e+02 3.1653e+02 -3.6569e+00 -3.2341e+00 3.1283e_

tO.Oe+O0 s5.Se-02 s8.0e-02 t6.3e-02 tl.2e-01 t1.3e-01 tT.3e-02 tl.4e-01 tl.3e-(

Tehod Tec _ Tec i d dTeca dTec Teco Tecod Tic i dTa¢

3.1321e+02 1.7364e+01 1,6827e+01 2.1655e*00 2.0832e+00 2.0142e_01 1.8747e+01 1.8384e+01 1.2185_

_1.4e-D1 t9.4e-02 _1 .le-01 t3.4e-02 t3.4e-02 t9.?e-02 t4.4e-02 tl .&e-01 _2.4e-(

Ta¢o ToMt | dTcut clTcwJ;t dTectp clPdbf dPl:bf g Pe¢i Pecc

1.939_e+01 1.9077e+01 5.3067e-01 O. O000e+O0 1.92._e-03 1.2479e+03 1.7985e+03 2.67r_e+O2 1. SO?4e_

sS.Se-02 t8.?e-02 t8.9e-02 tO.Oe_O0 t5.9e-06 t3. ?e+O0 t1.2e+01 t2.0e*O0 tq.3e-(

Psci Poco P¢_pi Pspai r P_rgs Pl=brgs PI_oP | Pstreg dPcu;
O. O000e+OO 1.2206e+02 -2.8233e+01 2.4173e+01 6.0294e+00 6.0729e+00 4.8930e+00 1.6065e+01 5.7349e4

_O.Oe+O0 tS.Se-01 _r2.Se-01 _2.5e-02 t?.4e-03 tl.le-02 t7.9e-03 t?.4e-03 _2.5e+r

Vclc Idc Tcsl Tcs2 TfdDs TIKIIlS Tl=gsl Tpgs2 Tes

1.1023e- 01 O. O000e+O0 O.O000e*O0 1.7595e+01 O. O000e+O0 O. O000e+O0 2,5607e+01 O.O000e+O0 3.0103e

t1.4e-04 tO. Oe+O0 tO.Oe+O0 _5.2e-02 tO.Oe+O0 tO.Oe*O0 _1 .?e-01 tO.Oe+O0 t9.6e-I

Tes2 Tes3 Tes& Th_ldl Thuicl2 TcyL Tat t Tgcrl Tgcr;

3.0401e+02 O. O000e_O0 O. O000e_O0 1.0124e_02 7.7345e*01 2.3961e+01 2.28_7e+01 1.6721e+01 2,0912e

_1.3e-01 tO.Oe+O0 tO.Oe_O0 t1.4e-01 t1.Se-01 tl.Se-01 t1.4e*01 t1.5e-01 t9.6e-I
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SPRE PC/TDAS Build 13, Report Date: Thu Jut

DataFite: 121793.dta ChanFite: chspre05 DATE:

Avg of 5 RdgMs: 19.*

21 11:01:21 1994

12-17-93 TINE: 10:07:27

STEADY STATE DATA

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2

2.1792e_01 2.3069e_02 4.497.3e+01 2.8083e_02 2.5320e_02

tl.6e-01 _8.4e-02 _6.3e-02 _1.3e-01 _9.3e-02

Tghr4 Tascyt Tlmanl Tkman2 Tkmr_

O.O000e400 -6.9358e+01 1._e+01 2.7111e+01 2.1537e+01

wO.Oe+O0 sl.2e-01 28.1e-02 _1.7e-01 _1.0e-01

Tcwc Tbrgr Tdbrgs Tl:brgs Tsresa

1.7476e+01 2.3157e+01 2._9e+01 3.4571e*01 3.1707e+02

_1.6e-01 s1.3e-01 _1.2e-01 21.4e-01 22.5e-01

Vetz Accx Accy Accz .Vsp

O.O000e+O0 1.9352e-03 1.6946e-03 6.1211e-02 1.0799e_02

20.Oe+O0 _1.7e-05 23.5e-05 21.9e-04 _3.5e-02

CALCULATIONS, rev: cLnspre

Tesrf3

2.5483e+02

21 .$e-Ol

Tctws

1.0709e+01

_1.3e-01

Tsresb

3.1658e+02

_1.2e-01

Ntrslxl
-1.5625e-01

28.1e-01

Tghrl

O. O000e+O0

zO.Oe+O0

Tctur

9.6770e+00

s8._-02

Oisz

O.O000e+O0

tO.Oe+O0

Patm

1. O000e+05

sO.Oe+O0

Tghr2

0.0000e+00

t0.0e+00

Tcvhei

5.6003e+01

29.7e-02

Vetx

1.1601e-02

t6.8e-05

T_r3
O. O000e+O0

:O.Oe+O0

Tcuheo

1.3853e_01

s9.ge-02

very

1.0279e-03

L3.2e-05

tehw tecw trtow tehf tecf tctna trtof trtec* pvl:st

3.1318e+02 1.9037e+01 Z.OO67e+O0 3.1498e+02 1.8447e+01 1.8_7e+01 2.0169e+00 O.OOOOe+O0 2.6116e+00

_1.2e-01 i7.6e-02 25.3e-04 il.2e-01 ,8.1e-02 i8.1e-02 24.6e-04 _O.Oe+O0 _1.9e-02

puatt i_actd palls etcrno etapvh etapvc etatt etsys dsfrq

2.1769e+00 2.1813e+00 2.5118e+00 5.0167_-01 2.0265e-01 1.9035e-01 8.6(_8e-01 1.6874e-01 5.7925e+01
±1.1e-02 28.9e-03 _1.9e-02 ±1.3e-04 24.8e-03 22.9e-03 29.5e-03 s3.6e-03 ±4.6e-02

xdrp xdspet vpa vda xca xcph puads Ignads akads

9.9359e-01 4.1926e-03 3.4669e+00 3.4447e+00 4.0216e-02 -1.7125e+02 1.1161e-01 1.&361e-01 2.6391e+05

_3.0e-03 ±7.7e-06 ±8.3e-03 ,8.8e-03 21.1e-04 23.2e-02 t5.0e-03 t5.9e-03 26.5e_02

cads phads pufds Imfds akfds cfds phfds pvpsn puaps

1.8811e+01 1.8160e+02 7.1835e-02 9.2667e-02 2.8400e+04 1.2109e_01 1.8966e+02 3.3177e+00 8.4045e-02

_7.6e-01 _6.6e-02 _3.7e-03 _5.1e-03 ±2.9e+02 _6.7e-01 ,6.9e-01 z2.1e-02 26.2e-03

Imaps akaps caps Idlaps IX:i* I:¢phi* pea* peph* dim*

1.0678e-01 3.4712e+05 1.3986e+01 1.8090e+02 1.6510e-01 -1.6553e+02 5.1253e-01 -1.3842e+01 3.2859e-02

_8.0e-03 _4.0e_02 sl.le_00 z6.8e-02 s4.9e-04 25.6e-02 zl.&e-03 zl.0e-01 _5.&e-04

di:_* pcpm pratio dtstt* qehl q_cl qac dtffh ftehc

7.1187e+01 1.0261e-01 1.2287e+00 0.0000e+00 1.2903e+01 1.1109e+01 2.9808e-01 1.8040e+00 1.2056e+00

±2.4e-01 _3.5e-04 28.6e-0_ t0.0e+00 22.7e-01 21.6e-01 25.6e-03 23.Oe-02 t2.2e-03

dpehm l_rehm dpecm pvrem qbteng qbtatt qbtsys dtffc tqin*

1.1302e+02 1.3625e-01 5.9268e+01 7.2503e-02 1.0637e+00 9.6770e-01 1.0531e+00 5.9036e-01 9.00&Se*O0

_4.1e-01 _7.4e-0_ _4.4e-01 _8.0e-O_ 23.1e-02 _1.1e-02 23.1e-02 28.7e-03 21.9e-02

tqrj* purfcd purfcp I_:lrd putds pupmp fatta fettl_ butte

6.2225e+00 -2.1757e+00 1.2070e+01 1.7033e-01 1.8345e-01 2.6608e-03 1.3138e+07 -6.9280e-04 4.5045e+01

1_3.1e-02 21.6e-02 _2.3e-02 23.6e-04 ,1.5e-03 _1.7e-03 t3.&e+04 22.3e-06 22.9e-01

psttts cap aJnd buttm pudcas I:upnqpn prupm rhostt cpstt

3.3_96e-01 7.3Tt3e+02 8.6058e+00 6.70%e+05 1.5778e-02 3.6273e-03 1.1643e-02 1.8528e+00 1.5_30e+00

_2.6e-02 z3.3e+O0 26.6e-02 tl.&e+03 t&.8e-05 22.3e-03 21.3e-05 28.6e-05 tO.Oe+O0

mustt rhoct opel euct prnct

2.8905e+00 1.0003e+00 4.1913e+00 1.07(d>e+O0 7.0925e+00

_2.2e-03 _1.6e-05 sT.3e-05 s2.0e-03 sl.6e-02

NPIST

9.7420e*00

CONSTANTS

...... o..

DROD

6.5720e- 02

ehm

2.2727e-02

NCASE

2.2930e+ 03
DFDS DADS DPIST DDISP MDISP

8.5126e-02 8.36_e-02 1.&J,78e-01 1.1614e-01 1.6789e+00

ecm apist sads afds orod

2.2727e-02 1.6463e-02 3.8561e-03 6.O&96e-03 1.9355e-04

AKMAG

1.3290e-05
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SPitE PC/TDAS Buitd 13, Report Date: Fri Jut 15 14:15:58 1994

DataFi|e: 121793.dt8 ChanFi|e: chspre05 DATE: 12-17-93 TIME: 11:41:34

Avg of 5 RdgNs: 56.*

DYNNqZC DATA, ncyc: 4, nsam: 257

No, Name, Mean, AmpLitude, Phase, THD, IU4S

1 Xp -1.2926e+00 8.0228e+00 O.O00 1.0056e-01 5.7016e+00
90¢.c| t8.3e-02 tS.Se-02 tO.O00 t3.4e-03 t_.Oe-02

2 Xd 5.2.367e-02 8.8805e*00 76.856 1.0129e-01 6.3116e+00

90¢.ct t1.Se-01 t&.9e-02 t0.898 t4.2e-03 t3.3e-02

3 Pcs 1.5953e*00 1.2003e+00 -10.058 1.1175e-01 8.S&Ole-Ol

902.ct t1.4e-02 t7.Te-03 t0.155 tS.le-03 tS.3e-03

& Pes -1.1407e-02 1.2161e+00 -14.Z93 1.1386e-01 8.6547e-01

90¢.cL tl.Se-02 ta.0e-03 t0.210 tS.Se-03 tS.&e-03

5 P_Jgs -1.5114e-01 1.5321e+00 78.224 1.2062e-01 1.0912e+00

90¢.ct t2.Te-02 tl.le-02 t0.870 t8.6e-03 t7.&e-03

6 Ppgs -&.6537e-D2 &.3092e-01 178.155 9.9367e-02 3.0621e-01

90¢.ct t7.&e-03 t2.Te-03 tO.109 t3.6e-03 t2.0e-03

7 Pfdgs -6.622&e-02 1.6673e-01 -92.978 1.0382e-01 1.1853e-01

90X.ct ±1.4e-02 _1.4e-03 t0.806 t3.9e-03 t9.Se-04

8 lair -1.8080e-01 6.1407e401 91.233 1.007&e-D1 &.3641e+01

90¢.cL tT.Te-01 t3.9e-01 t0.753 t3.9e-03 t2.6e-01

9 Va|t -3.0541e+00 3.7004e*02 35.045 1.0042e-01 2.6297e+02

90_.cL _2.3e+00 t3.Oe+O0 t0.542 t3.ae-03 t2.2e*O0

10 Vuctd -9.4107e-01 2.0659e+02 90.902 1.006&e-D1 1.&682e+02

90_.ct t2.Te+O0 21.6e+00 20.762 ,3.8e-03 sl.le_O0

11 Vcap -2.0255e+00 3.0640e*02 0.947 9.9858e-02 2.1774e*02
90_.cL t2.6e_O0 12.Se_O0 t0.045 t3.Te-03 t2.te_O0

12 Iou_ 1.2540e-03 O.O000e_O0 0.000 O.O000e+O0 3.6867e-03

90Y..ct _1.2e-04 20.Oe+O0 tO.D00 20.Oe+O0 t2.9e-04

STEADY STATE DATA

Freque Freq Pmean dPclbrg dPId_g Perderr Xpar Xdar Kus_

9.&7/_e+01 9.4758e+01 ! .2507e*01 1.1615e*03 1.2034e*03 3.4257e-01 8.0477e-03 8.7837e-04 3.1921e*01

i5.2e-02 t5.9e-02 .6.6e-03 _2.0e+01 s1.5e+01 _3.6e-04 _8.9e-06 22.&e-06 s4.2e-02

Kussh Kualt Kualtb KwtdcJc gratis Fteh Flec FLac FLout

-I.2428e-02 6.5597e+00 6.4169e+00 9.5222e+00 -4.3&OSe-03 1.1882e+00 1.2073e+00 5.8236e-02 1.2561e+00

t6.0e-03 s9.ge-03 t4.0e-02 22.0e-02 sl.2e-02 _1.5e-03 z2.4e-02 tl.2e-03 t2.1e-02

Tzero Toven2 Toven3 Toven4 Teh i Tehi d dTeha dTeh Teho

O.O000e*00 6.6056e+01 6.5187e+01 6.&81Be+D1 3.&41Be+02 3.4&O2e+02 -1.1096e+01 -1.0634e+01 3.3268e+02

tO.Oe+O0 t4.0e-02 t8.1e-O2 t1.2e-01 tl.Se-01 t1.6e-01 t8.0e-02 tT.Oe-02 tl.Se-01

Tehod Tec _ Tee id dTeca dTec Teco Tecod Tac | clTac

3.3299e.02 2.&964e-D1 2.4495e+01 6.0473e+00 6.0051e*00 3.1679eH)1 3.0462e*01 2.6274e+01 &./d138_O0

t2.2e-01 tl.4e-Ol i7.0e-02 t8.8e-02 t8.ae-02 tl.1e-01 _8.9e-02 t&. le-01 t1.8e-01

Taco Tcwl i dTcul d'i'cwst dTectp dPdbf dPl=bf 9 Pec| Peco

3.0519e+01 3.1871e+01 1.5_5e+00 O.O000e+O0 5.7606e-03 1.3254e+03 2.1898e+03 2.5588e+02 1.&370e_02

s2.6e-01 t1.7e-01 t9.2e-02 tO.Oe+O0 tt .8e-05 tS.9e+O0 t2.Te+01 t9.6e+O0 t5.7e+O0

Paci Paco Pcupi Pspeir PdbrDS PpbrDS Pbrgr| Pstreg ¢lPcup

O.O000e+O0 1.1699e+02 -2.6735e*01 2.&&81e*01 1.3505e+01 1.3559e+01 1.233&e+01 1.6107e+01 5.6194e+05

tO. Oe*O0 _&.6e+O0 tl.2e+O0 t2.se-02 t2.2e-02 t2.&e-02 tl.Se-02 t7.&e-03 t1.6e+04

Vdc ldc Tcsl Tcs2 Tfdos Tacigs Tpgsl Tpgs2 Tesl

1.&58_e-01 O.O00Oe+O0 O.O000e+O0 3.1620e+01 O.O000e*O0 O.O000e*O0 3.a&J, Oe+01 O.O000e_O0 3.277&e+02

t1.6e-04 tO.Oe+O0 tO.Oe+O0 t1.3e-D1 tO.Oe+O0 tO.Oe+O0 t1.5e-D1 tO.Oe+O0 t2.&e-Ol

Tes2 Tes3 Tes& Thvtdl Thvtd2 TcyI Tatt T9crl Tgcr2

3.37_5e+02 O.O000e_O0 O.O000e+OO 1.0098e+02 7.7350e+01 3.7716e+01 3.6568e_01 3.0840e+01 3.6011e+01

_3.1e-01 tO.Oe+O0 tO.Oe+O0 t2.0e-Ol tl.0e-01 ta.&e-02 tg.6e-02 _1.8e-01 t2.1e-01
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$PRE PC/TDAS Buitd 13, Report Date: Fri Jut 15 14:1S:$8 1994

DataF{ie: 121793.dta ChanFite: chspre05 DATE: 12-17-93 TIME: 11:41:34

Av2 of 5 RdgNs: 56. t

STEADY STATE DATA

......... ...... ..

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2 Tesrf3 Tghrl TghrZ Tghr3

3.2551e+Ol 2.63&Te+02 5.0077e+01 3.1199e+02 2.SqOGe_O2 2.9253e+02 O.O000e+O0 O.O000e+O0 O.O000e+O0

t3.9e-01 _1.3e-01 _1.7e-01 i&.Te-01 11.8e-01 i1.9e-01 20.Oe+O0 tO.Oe*O0 sO.Oe+O0

Tghr4 Tascy( Tlmanl Tlomn2 Tkamr_ Tctws TctNr Tcwhei Tcvheo

O.O000e*O0 -6.9299e*01 2.0289e_01 2.6950e*01 2.1075e+01 1.2865e.01 9.6715e+00 S.2&&7e+Ol 1.8963e+01

tO.Oe+O0 tl.Se-01 =1.7e-01 25.8e-02 =1.4e-01 tl.2e-01 =1.2e-01 i9.9e-02 =1.1e*01

Tcuc Tbrgr Tdbrgs Tpbrgs Tsresa Tsresb Oisz Vetx Vety

2.5180e*01 3.5832e_01 2.9871e*01 3.4592e+01 3.43&6e+O2 3.4318e+02 O.O000e+O0 1.0116e-02 9.2472e-04

sl.le-01 =1.6e-01 =2.1e-01 sl.6e-01 =1.9e-01 sl.le-01 =O.Oe+O0 _2.1e-05 =1.3e-05

Vetz Accx Accy Accz Vsp Ntrspd Patm

2.2265e-03 9.7373e-03 7.013De-03 -6.2737e-02 1.&294e*02 -3.1250e-01 1.0000e_05

=2.1e-05 =1.0e-04 =1.3e-04 =O.Oe+O0 25.5e-02 tS.3e-01 =O.Oe*O0

_L_LAT|_S, rev: ct_pre
.............. ... ...............

tehw tecw trtow tehf tecf tctna trtof trtec* pvpet

3.3326e+02 2.9608e+01 2.oozge*o0 3.3863e*02 2.7987e+01 2.7987e_01 2.0316e-00 O.O000e+O0 8.2&O6e*O0

tZ.Oe-01 =1.3e-01 =8.0e-04 =1 .Te-01 =1.3e-01 =1.3e-01 =6.3e-04 =O.Oe+O0 =2.7e-02

Ixaat t puac td Pe Lts etcrno et alm_ etapvc eta [ t etsys dsf rq

6.3223e400 6.3429e+00 8.7340e*00 5.0074e-01 2.1/_6e-01 2.1283e-01 7.2386e-01 1.6469e-01 9.1312e*01

=1 .&e-01 =8.0e-02 =4.8e-02 =2.0e-04 =1.6e-03 s4.Se-03 =1.5e-02 =4.2e-03 =2.4e-02

xdrp xdspet vpa vda xca xcph pvads prmds Ikads

1.1069e_00 4.3300e-03 4.7760e+00 5.2865e+00 3.6124e-02 - 1.6990e+02 3.7280e-01 4.7283e-01 6.6507e+05

• 1.3e-02 =2.5e-05 =3.4e-02 s3.Oe-02 _2.9e-O/, =1.4e-01 :t1.9e-02 =2.8e-02 =1.8e+03

cads I_ls p_fds pnfds akfds cfds phfds pvpsn

2.6685e*01 1.8137e+02 3.1497e-01 3.9941e-01 7. _837e+04 2.2541e+01 1.9017e+02 1.2804e+01 -5.4558e-01

=1.6e+00 =8.5e-02 =3. le-03 =6.7e-03 =5.5e._02 ,_3.7e-01 _2.1e-01 ,b2.0e-01 /:3.6e-02

pr_sps akaps caps phaps pc it pcph i* pea* Peph* dpe"

-8.&744e-01 8. B379e+O5 -4.7825e+01 5.3815e+02 1.&830e-01 - 1.6329e+02 1.2010e_00 -1.6163e+01 !.2785e-01

tS.0e-02 26.6e*02 =2.8e*00 tl.le-01 tl.3e-03 sZ.4e-01 tT.Te-03 t.3.0e-01 =2.4e-03

tipS* pc_ pratio dtstt* qehl qecl qac dtffh ftehc

7.7232e*01 9.5969e- 02 1.2123e*00 O. O000e+O0 3.8391e+0t 3.0_,89e+01 1.0902e400 5.3759e_00 1.2022e+00

=8.De-D1 =6.6e-G4 =1.6e-03 =O.Oe*O0 =2.5e-01 =8.9e-01 t_3.Se-02 t.3.7e-02 =1.5e-03

dpehm perehm dpecm purecm qbt eng qbt a t t qb t sys dt f f c tq i n*

1.1029e*02 1.32S9e- 01 5.6896e+01 6.8716e- 02 1.0088e+00 8.99/,7e- 01 9.8728e- 01 1.0202e+00 3.2413e+01

=2.8e-01 _5. Oe- 04 =2.2e+O0 =4. Oe- 03 =2.3e- 02 =1. Be- 02 =2. i,e- 02 =&.7e-02 =1. Oe- 01

tqr j * purfcd I_rf cp pudrd I_l;ds pl4:ap fat ta fat tph bat t •

2.3559e_01 -1.9382e+00 1.2266e*01 6.1313e-01 6.8777e-01 -2.2U, Se-02 2.7575e+07 -7.9272e-04 4.3128e+01

tl.0e-01 t6.6e-03 =l.&e-02 t2.0e-03 =2.2e-02 t2.1e-02 t2.0e+05 tl.0e-05 tl.0e+O0

pattts rap mind battm pudcas I=q=mpn pruprm rhostt cpstt

2.&117e+O0 3.3668e+02 8.2_02e.00 &.&907e+05 5.2196e-02 -2.8563e-02 &.l163e-O2 1.8350e+00 1.5030e+00

_1.2e-01 _5. le+O0 t1.5e-01 _5.9e+03 t1.8e-04 t_.. 7e- 02 _7.9e-05 =I .3e-04 =O.Oe+O0

mustt rhoct cpct muct Ix_tct

2.&807e*O0 9.9804e-01 &.18&1e+O0 8.8998e-01 5.613&e+00

s2.7e-03 s3.3e-05 t7.Te-05 t1.8e-03 _1 .Se-02

CONSTANTS

DROD

4.5720e - 02

ehm

2.2727e-02

DFOS DADS DPI ST DD! SP I0 !SP

8.5120e-02 8.3666e;02 1 ._73e-01 1.1414e-01 1.6789e+00

ecru sp{ st aads ifds arod

2.2727e-02 1.6&63e-O2 3.8561e-03 &.O&96e-03 1.9355e-04

mIST

9.7420e+00

NCASE

2.2930e4.03

AIOqAG

1.3290e- 05
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SPRE PC/TDAS BuiLd 13, Repont Date: Wed JuL 20 08:52:22 1994

DataFiLe: 121T93.dta ChanFiLe: chspre05 DATE: 12-17-93 TIME: 11:43:50

Avg of S RdgHs: 57.*

DTNANIC DATA, ncyc: 4, nsam: 257

No, Name, Nean, Aalptftude, Phase, TIID. IltlS

1 Xp -1.1477e*00 8.9795e+00 0.000 1.1245e*01 6.3896e+00

90X.c[ tl.$e-Ol t6.0e-02 tO.O00 i7.$e-03 t4.4e-O2

2 Xd -2.0520e-01 9.7165e+00 75.314 1,1228e-01 6.9139e+00

90%.ct i7.7e-02 tl.0e-01 s0.917 tS.Te-03 _7.3e-02

3 Pcs 1.5513e+00 1.3350e+00 °9.457 1.2551e-01 9.S138e-01

90X.ct _1.3e-02 _1.0e-02 _0.188 t4.2e-03 tT.Se-03

4 Pes -9.9295e-04 1.3/dlTe+O0 -13.645 1,2679e-01 9.6132e-01

903. c t _1.6e-02 _1. le-02 t0.262 _. Oe-03 t8.0e-03

S Padgs -1.1814e-01 1.6716e+00 76.639 1.3153e-01 1.1922e_0

903.ci _3.9e-02 tl.9e-02 _0.972 _1.0e-02 tl.2e-02

6 Ppgs -2.9417e-02 4.8282e-01 178.204 1.1107e-01 3.4351e-01

90Z.cL _3.2e-02 t3.2e-03 sO.140 ±9.1e-03 _2.2e-I)3

7 Pfdgs -3.2024e-02 1.8145e-01 -94.577 1.1523e*01 1.2915e*01

90_.ct _2.9e-02 _1.5e-03 _1.068 _9.1e-03 _1.1e-03

8 ]aLt -3.2300e-03 6.4166e+01 91.573 1.1209e-01 &.S6STe_01

901_.cL t6.Te-01 _4.6e-01 t0.899 _7.1e-03 t3.3e-01

9 Valt -2.6358e+00 3.9326e*02 37.289 1.1176e-01 2.7981e+02

90"/..cL _5.7e+00 _3.1e.,.00 _0.370 tT.8e-03 _2.3e_00

10 VacLd -6.4107e-01 2.3091e+02 91.233 1.1195e-01 1.6430e+02

90%.¢t t2.Se+O0 ±1.1e+00 tO.90O i7.2e-03 tB.Oe-01

11 Vcap -1.9132e+00 3.1809e+02 1.164 1.1155e-01 2.2633e_02

90_.cL zS.2e_O0 tl.4e+O0 t0.190 _8,3e-03 tl.0e_O0

12 laux 1.1704e-03 O.O000e+O0 0.000 O.O000e+O0 3.4805e-03

90_.ct t3.2e-04 20.Oe+O0 _O.O00 _O.Oe+O0 _4.8e-04

STEADY STATE DATA

......... . ..... .o

Freque Freq I_ean dPclbrg dPpbrg Perderr Xper Xdar

9.4573e+01 9.4617e+01 1.2505e+01 1.1378e_03 1.2014e+03 3.4373e-01 9.0573e-03 9.5983e-04

±1. Oe-01 *1.2e-01 _;_.Se- 02 _1.7e_01 t1.9e+01 _6.9e- 04 _1.6e- 05 s2. Se-06

Kwssh Kwat _ KwaItb [w Ldck= Kwa| ts Fteh F[ec Ftac

-1.4203e-02 7.6347e_00 7.4607e+00 1.0636e+01 -6.2012e-04 1.1875e_00 1.2117e+OO 5.7739e-02

:t6. Oe- 03 _1.3e- 02 :t7.3e- 02 :t1.9e- 02 :t2.9e-03 s:1.4e- 03 :t9.Se- 03 :t3.0e- 04

Tzero ToverQ Toven3 Tover_ Teh_ Teh j d dTeha dTeh

O.O000e_00 6.6114e_01 6.5214e+01 6.4935e+01 3._09e+02 3.438_e+02 -1.3122e+01 -1.2631e-01

_0. Oe+O0 _5.2e-02 _9.2e-02 t3.1e-D2 t2.0e-01 _2.4e-01 tl.0e-01 -1.0e-01

Tehod Tec i Tec id dTeca dTec Teco Tecod Tac i

3.3086e+02 2.3072e+01 2.2553e_01 7. l&OSe+O0 7.1699e+00 3.0989e+01 2.9611e_01 2.&186e_01

",'I .2e-01 _2.4e-01 _8.9e-02 _9.7e-02 fT. 1e-g2 t6.Te-02 tT.2e-02 sT.2e-02

Taco Tcu[ _ dTcu [ dTc_s t dTectp dPdbf dPidof9 Pec |

2.8906e+01 3.0864e+01 1. _055e+00 O. O000e+O0 6.8238e-03 1.3195e+03 2. lWd)e+03 2.5685e+02

t1.3e-01 _8.7e-02 _7._e-02 _0. Oe+O0 _.4e-06 _2.8e+00 t.3.2e+01 _2.0e+O0

POcf Peco PcMpi Pspe | r Pdbrgs Pl=brgs Pbr 9 r _ Pst re1;

O.O000e+O0 1.1764e_02 -2.6609e+01 2.4313_01 1.3_78e+01 1.3541e_01 1.2342e_01 1.5165e_01

:tO.Oe+O0 _4.5e-01 :tS.le-01 -2.5e-02 :t2. le-02 tZ.2e-02 z3.2e-02 tl.ge+o0

Vdc ldc Tcsl Tcs2 Tfdgs Tadgs Tpgsl Tpgs2

1.6267e-01 O. O000e+O0 O. O000e+O0 3.2857e+01 0._ O. O000e+O0 4.0279e+01 O. O000e+O0

_1. le-04 tO.Oe+O0 _O.Oe+O0 tl.2e-01 _O.Oe+O0 _O.Oe+O0 _2.1e-01 _O.Oe+O0

Tes2 Tes3 Tes4 Thw[dl Thut d2 Tcy[ Ta [ t Tgcr 1

3.3_49e+02 0. O000e+O0 O.O000e_<)O I. 0096e+02 7.7_5e+01 3.9096e_01 3.9061e+01 3.0331e+01

• 1.6e-D1 _O.Oe+O0 _O. Oe+O0 _?.8e-02 _1.2e-D1 _2.5e-01 _2.0e-01 _7.5e-02

3.1921e4

+1.8e*C

FLcut

1.2542e4

_2.1e-©

Teh©

3.3044e_

t1.8e-I

dTa(

5.0078e_

:t9.9e-(

Pecc

I ._05e_

t8.4e-C

dPc_

5.T_S_

tl.le+t

Tes'

3.215_e

_1.3e-I

Tgcr;

3.5602e.

_9.0e-'
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SPRE PC/TDAS BuiLd 13, Report Date: red Jut 20 08:52:22 1994

DataFiLe: 121793.dta ChanFite: chspreO5 DATE: 12-17-93 TIME: 11:43:50

Av9 of 5 Rck3Ns: 57.*

STEADY STATE DATA

....... . ..... ..o.

Tjrsrf Tsesrf Tsbsrf Tesrfl Tesrf2 Tesrf3 Tghrl Tihr2 Tghr3

3.3774e_01 2._;28e+02 5.0336e*01 3.0751e+02 2.8857e+02 2.9353e+02 O.O000e+O0 O.O000e+O0 O.O000e+O0

23.7e-01 _1.3e-01 28.1e-02 22.5e-01 _1.1e-01 i8.1e-02 tO.Oe+O0 tO.Oe+O0 tO.Oe+O0

Tghr4 Tascyt Tknmnl TkmaJ_ Tkamn3 Tct_s Tctwr Tcwhe| Tcuheo

O.O000e+O0 -6.9003e+01 2.042Be+01 2.7162e+01 2.15_]e+01 1.3395e+01 9._54e+00 5.2325e+01 1.M13e+01

_O.Oe+O0 21.1e-01 t7.ge-02 t9.Te-02 tq.2e-02 tl.0e-01 t1.le-01 t1.4e-01 tl.2e-01

Tcwc Tbrgr Tdbrgs Tl:brgs Tsresu Tsresb Disz Ve|x Ve(y

2.3162e+01 3.?019e+01 2.9628e+01 3._$56e+01 3.&Z86e+02 3.42_+02 O.O000e+O0 1.1422e-02 1.1470e-03

_1.6e-01 tl.0e-01 s7.9e-02 tl.3e-01 t1.le-01 tq.2e-02 sO.Oe+O0 _4.5e-05 t2.1e-05

Ve(z Accx Accy Accz Vsp Mtrslxl Patm

2.6948e-03 9.2194e-03 7.0482e-03 -6.2737e-02 1.5950e+02 1.5625e-01 1.0000e+05

t2.1e-05 sl.2e-04 _3.2e-05 _O.Oe+O0 tO.Oe+O0 t&.3e-01 tO.Oe+O0

CALCULATIONS, rev: ctnspre
........ . ............. ..o....o..

tehw tec_ trtow tehf tecf tcIna trtof trte¢* pvpst
3.3118e+02 2.8563e+01 2.0030e_00 3.3753e+02 2.(_42e_01 2.(_42e+01 2.0370e+00 O.O000e+O0 9.6334e+00

_2.7e-01 ±2.7e-01 _1.7e-03 22.3e-01 t2.Se-01 ±2.5e-01 sl.Te-03 sO.Oe+O0 ±7.3e-02

puatt pwactd parts etcrno etapvh etapvc etatt etsys dsfrq

7.3660e+00 7.4082e+00 1.0235e+01 5.0074e-01 2.1236e-01 2.1042e-01 7.1963e-01 1.6238e-01 9.1306e+01

_2.3e-01 _8.8e-02 _8.0e-02 i4.1e-O_ t2.6e-03 ±2.3e-03 _1.7e-02 tS.2e-03 t9.0e-02

xdrp xdspet vpa vda xca xcph puads pnads akads

1.0821e+00 4.7061e-03 5.3358e+00 5.7738e+00 4.0543e-02 -1.7023e+02 4.3007e-01 4.5569e-01 6.6321e+05

tl.ae-02 ±3.4e-05 ±3.3e-02 ,6.5e-02 _2.2e-04 _1.2e-01 ±3.6e-02 ±4.1e-02 ±2.1e+03

cads phads pards pards akfds cfcls phfds I:NPSn pwaps

2.5813e+01 1.8133e_02 3.7226e-01 3.9437e-01 7.4_9e+04 2.2338e+01 1.9011e+02 1.1949e+01 -6.6471e-01

_2.4e+00 _1.2e-01 _2.8e-03 _9.3e-03 ±1.Be+02 _5.6e-01 _2.3e-01 _2.2e-01 _5.3e-02

pnaps akaps caps i::_aps I:X:_* IX:phi * pea* IX_* ell:m*
-8.24_3e-01 8.8477e+05 -4.6694e+01 5.3820e*02 1.(_55e-01 -1.6385e+02 1.32_e+00 -1.5511e+01 1.&O81e-01

t6.6e-02 _2.2e+03 t3.7e+O0 tl.4e-01 t9.0e-04 tl.ae-01 _1.2e-02 s2.9e-01 sl.Te-03

clpl_* pcpm pra_io dtstt* clehl qecl qac dtffh ftehc

7.5267e+01 1.0675e-01 1.2390e_00 O.O000e+O0 4.5365e+01 3.6152e+01 1.2082e+00 6.3551e_00 1.2013e+00

tl.2e*O0 ta.Te-O_ _2.2e-03 _O.Oe+O0 t3.3e-01 t6.Se-01 t2.9e-02 _4.9e-02 _1.4e-03

dpehm p_rehm dpecm pMrecm qbteng qbLaLt qbtsys dtffc tqin*

1.1023e+02 1.3243e-01 5.7399e+01 6.9554e-02 1.0093e+00 8._P99e-01 9.8599e-01 1.9212e+00 3.92(_;e+01

t2.5e-01 _4.5e-0_ ,9.0e-01 _1.6e-03 ±2.2e-02 tl.7e-02 _2.2e-02 ±3.5e-02 tl.3e-01

tqrj* purfcd purfcp pudrd pards _ fatta flttph batte

2.8890e+01 -1.8_3e+00 1.2239e+01 7.4276e-01 8.0233e-01 3.57(_e-03 3.0751e_07 -7._79e-O& 4.30_7e+01

s5.6e-02 ±1.0e-02 tl.Te-02 x2.4e-03 _3.7e-02 _3.9e-02 ±1.8e÷05 t1.le-05 ,1.2e+00

paLtts cap a_nd battm I_¢lcas pvPmlm pruprm rhosLt cpsLt

2.8690e+00 3.3948e+02 8.2093e+00 4.7926e+05 6.3151e.02 3.6796e-03 4.9976e-02 1.8359e+00 1.5630e+00

t1.6e-01 t3.5e_O0 x9.1e-02 t6.1e+03 t2.ae-04 t&.Oe-02 _1.2e-04 tl.ae-O_ tO.Oe+O0

mastt rhoct cpc[ mJCt prnc|

2.4979e+00 9.9839e-01 &.1850e+O0 9.0997e-01 5.7835e+00

_3.7e-03 t6.5e-05 ±1.7e-04 t4.0e-03 t3.3e-02

CONSTANTS

...o .....

DROD

4.5720e-02

ehm

2.2727e-02

DFDS DADS DPIST DOISP NDISP

8.5126e-02 8.3666e-02 1 .&47Be- 01 1.1414e-01 1.6789e+00

ecm apJst Mds afds arod

2.2727e- 02 1.6463e- 02 3.8561e- 03 4.0496e- 03 1.9355e- 04

NCASE

2.2930e_03

AIO4AG

1.3290e-05
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/_mm

* Function(s): talcs0
,

* Purpose:
* This routine calculates resudts based on measured parameters
* for the TDAS post processing programs.

: Sy_.emCs):
UNIX ver Vr4 (ESIX)

* MSDOS vet 5, Microsoi% C v5.1

* Revision History:
* DATE <current file name> Rev/sion
* 1/19/89 Ca]cu]afions compatible with HPI000 DAS.
* FORTRAN Converted to QuickBasic 4.0 & 4.5.
* 4/27/89 Added PWRPRM calculation.
* 4/28/89 <calcvl> Issued.
* 3/18/91 <calex0> Converted to MicroSoft "C vS.l"
* 3/19/91 <clspreS> Original MTI SPRE calculations converted to MS "C"
* 1/12/93 <clnspra> NASA SPRE calculations for PC/AT trans DAS
* 2/16/93 <clnspre> Consistent between UNIX & MSDOS checked, no changes

*/

#_nolude <string. h>

#_nclude <math.h>

#define SQ(x) ((x)*(x))

#define FLT (float)

#define DBL (double)

vo£d vadd(float *vs, float *vp, float vl, float pl, float v2, float p2) ;

ch_pre.c 1

10

20

const float pi= FLT 3.14159265;

const float rad= FLT 0.017453293;

const float deg= FLT 57.2957795;

const float sqr2= FLT 1.41421356;

const char revstr[ ] = °clnspre';

etruct dynarr {

float m, d, r, a0 p;

);
etruct dyn (

struct dynarr

xp, xd, pcs, pes, padgs,

vcap, accx;

);
etruct ss (

float

freque, freq, pmaan,

perderr,xpar,

kwalt,

flcwt,

opn25,

tehi,

tehod,

teci,

opn46,

ppgs, pfdgs, ialt, valt, vacld,

dpdbrg, dppbrg,

xdar, kwsmh, kwssh,

kwaltb, kwlddc, kwalts, fleh,

opnlg, opn20, tzero,

opn26, opn27, opn28,

tehid, dteha, dteh,

opn36, opn37, opn38,

tecid, dteca, dtec,

opn47, opn48, opn49,

flec, flac,

toven2, toven3, toven4,

opn29,

teho,

opn39,

race, tecod,

taci, dtac, race;

tclna,

etsys,

);

atruct con {

float

drod, dfds, dads° dpist, ddisp,

mdisp, mpist, mcase, akmag, ehm,

apist, aads, afds, arod;

);
struct calc (

float

tehw, tecw, trtow, tehf, tecf,

pvpst, pwalt0 pwacld, palts,

etcrno, etapvh, etapvc, etalt,

ecm,

trtof, trtec,

40
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dsfrq, xdrp,

pwads, pnads, akads,
pwfds, pnfds, akfds,

pwaps, pnaps, akaps,

pci, pcphi, pea,

pcpm, pratio, dtslt,
qehl, qecl, qac,

dpehm, pwrehm, dpecm,

xdspet, vpa,

cads,
cfds,

caps,

peph,

vda,

phads,

phfds,

phaps,

dpa,

dtffh, flehc,

pwrecm,
qbleng, qblalt, qblsys, dtffc,

tqin, tqrj, pwrfcd, pwrfcp,

pwdrd, pwtds, pwpmp,

falta, faltph, balte, paltls, cap,

baltm, pwdcas, pwpmpn, prwprm,

rhoslt, cpslt, muslt, rhocl, cpcl,
rload, phasld;

};
int calcsz( char *calcrv )

{
Copyce]cu]a_0n revision stringtomainprogram */

strcpy( calcrv, revstr );
returnn00fcalculatedresults

return( slzaof( Btruct calc )IsSzaof(float) );

)

xca,

pvpsn,

dpph,

aind,

mucl,

xcph,

prncl,

void calcs ( Int *ncalc, struct dyn *d, atruct ss "s, atruct con *cn,
struct calc *c)

(
float afds ; /* Fwd disp g.s. piston area, m^2 */
float aads _ /* Aft disp g.s. piston area, mA2 */
float arod ; /* Effective "disp rod" area, m^2 *I
float apist ; /* Power piston area, m^2 */

float ae ; /* Projected exp space disp area, m^2 */
float acd; /* Projected crop space disp area, m^2 */
float beta ; /* Disp rod area ratio. */
float omeg; /* OPERATING FREQUENCY, rad/sec */
float xmpxp, x_dxd ; /* Disp & Piston mass * amp products */
float cpslt, rhoslt ; /* Saltfluid properties */
float muslt; /* saltviscosity */
float rhocl; /* density of mixture , Kg/l */
float cpcl; /* specific heat ofmixture , w/*s/(Kg/*C) */
float akcl; /* thermal conductivity of mixture, w/(m/*C) */
float mucl, prncl; /* Misc Clnt Params */

float dtffh; /* local heater parameter */
float dtffc, rencl, nucl, hcl, rensqpr; /* MJscClntParams *I

float texpa, tchrl, tccrl, tcmp;

float psi ;

float vcl, vcphl, etaexd, pci; /* MJscSchmidtcycleparam */

float perl, peim; /* rea]&imagcomponentsofpe */

float pwpcas, faltrl, faltim;
float xxx; /* Temporary fl0at number */

float xda;

float xpa;
float xca;

float pcsa;

float padgsa;

float pfdgsa;

clnspre.c 2

69
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*--ENGINE CALCULATIONS

* CONSTANTS:

afds = pilFLT 4 * ((*cn).dfds*(*cn).dfds - (*cn).drod*(*cn).drod);
aads = pi/FLT 4 * ((*cn).dads*(*cn).dads - (*cn).clrod*(*cn).drod);

arod = afds - aads;

apist = p£/FLT 4*(*cn).dpist*(*cn).dpist;

ae = pi/FLT 4 * (*cn).ddisp*(*cn).ddisp;

acd = ae - arod;

beta = arod/ae;

130
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(*cn).afds= afds;

(*cn) .aads= aads ;

(*cn) .arod= areal;

("cn).apist= apist;

HEATER CALCULA_ONS
,

* Bulk heater salt temperature, C */
(*C) .tehf= (*s ) .tehi+ (*s ) .dteha*FLT 0.5;

if ( (*c).tehf < FLT 1000. && (*c).tehf • FLT 0. )

{
/* Salt fluid properties are for pure tin-diluted HITEC

* above 155 C ( 310F ) */
/* Salt specific heat, kW-s/(Kg-C) */
cpslt= FLT 1.5630;
(*c).cpslt= cpslt;

Salt density, _ */
if ( (*c).tehf • FLT 155.0 )

rhoslt= FLT 2.0889 - FLT 0.7497e-3*(*c).tehf;

else
rhoslt =FLT 1. 9727;

(*c).rhosltffi rhoslt;
/* Salt abs viscosity, ._. */
(*c).tehf= ((*c).tehf < FLT le19)?(*c).tehf: FLT le19 ;

muslt= FLT 5.45387e5*pow(DBL (*c).tehf , -2.111737);
muslt= ( (muslt< FLT 1elg)?muslt: FLT le19 );

(*c).muslt= muslt;

/* FI0w meter area temp correction : */

if ((*s).fleh < FLT 0.002)

(*c).flehc = FLT 0.0;
else
(*c).flehc= (*s).fleh * SQ( FLT 1.0 + FLT 17.28e-6 * (*c).tehf);

/* Salt side ht exch pressure drop, kPa */

(*c) .dpehm= FLT 1732.74"SQ{ (*c). flehc) *rhoslt*pow(DBL muslt,

)

0.06)* (*cn) .ehm;

/* Salt side ht exch pressure drop, kPa */
(*c) .pwrehm= (*c) .dpeb_* (*c). flehc*FLT 1.0e-3 ;

Heatin, kW

(*c).qehl = -rhoslt*cpslt* (*c).flehc * (*s).dteha + (*c).pwrehm;

Heater wallfi]m de]ta temperature */

(*c).flehc= ( ((*c).flehc< FLT le19)?(*c).flehc: FLT ie19);

if ((*c).flehc > FLT 0. )
dtffh= FLT 0.1555*pow(DBL (*c).flehc,-0.569) * (*c).qehl;

else
dtffh= FLT 0.;

(*c).dtffh= dtffh;

(*c).tehw= (*c).tehf- dtffh;

*--COOLER CALCULATIONS

Bulk co,ant temperatur_ C
(*c).tecf= (*s).teci + FLT 0.5*(*s).dteca;

if ( {*c).tecf < FLT 1000. && (*c).tecf > FLT 0. )

(

if

**Check inlet temp. in normal range -20 to 100 C if notassume measurement error an use 25 C for properties.
*/

((*c).tecf > FLT -20.0 && (*c).tecf < FLT I00.0 )

[*c).tclna = [*c).tecf;

140
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else

(*c).tclna= FLT 25.;

/* Coolant is assumed to be pure water.
* Properties obtained from curve fit of data in
* "AnalysisofHeat and Mass Transfer",by Eckert& Drake
*/

/* Densitykg/l */

rhocl= FLT 1.00268 - ( FLT 0.065523e-3 + FLT 3.58296e-6*(*c).tclna )*(*c).tclna;
(*c).rhocl= rhocl;

Sped£c heatkJ/_

cpcl = FLT 4.21313 + { FLT 1.52009e-5*(*c).tclna - FLT 1.46123e-3

(*c).cpcl =cpcl;
akd =FLT0.552 +FLT _00_8*(*c)._/na;

)*(*c).tclna;

mucl= FLT 1.734351+( FLT 5.750516e-4*(tc).tclna - FLT 0.046264 )*(*c).tclna;
(*c).mucl= mucl;

prnd= mu_*cpcVakd;

prncl= FLT 1.0/( FLT 0.069153 + FLT 0.0038944*(*c).tclna );
(*c).prncl= prncl;

Check fornearzerocoolantflow
if ( (*s).flec < FLT 0.002 )

(*s).flec =FLT 0.0;

Coolantsidehtexchpressuredrop,kPa
mucl = ( (mucl< FLT le19)?muc1: FLT le19 );

Coolantside htexchpressure drop, kPa
(*c).pwrecm= (*c).dpecm*C*s).flec*(float)l.0e-3;

Engine cooler heat reject

(*c).qecl= rhocl *cpcl * (*s).dteca , (*s).flec;

4

2O4

220

23O

/* Enginecoolerwalltemperature */
dtffc= FLT 0.0;
£f ( (*s).flec > FLT 0.0 )

{
P Calculationfrom ESCORT *I
P CoolantReynoldsNo. */

rencl= FLT 1.6393*rhocl*(*s}.flec*( FLT 529.5 + FLT 24.353*(*c).tecf );

rensqpr = SQ(rencl)*prncl;

rensqpr = (rensqpr < FLT Ie19) ? rensqpr : FLT le19;
Nus_tNo

nucl= FLT 0.5*SQ(rencl)*pow{ DBL rensqpr, 0.3333333 );
(Af=28.097e-4_(As=1.0755)= 2_.1246e-4

hcf= FLT 162.37*nucl*(*c).tecf/( FLT 1.2469 + FLT 1.5684*(*c).tecf );

if ( hcl • FLT 0 )

dtffc= (*c).qecl*( FLT 958.41hcl + FLT 0.053141 );
else

dtffc= FLT 0;

)
(*c).dtffc= dtffc;

(*c).tecw= {*c).tecf + dtffc;

}

P
* ENGINE TEMP RATIOS

(*c).trtow= ((*c).tehw+FLT 273.15)/((*c).tecw÷FLT 273.15);

C*c).trtof= ({*c).tehf+FLT 273.15)/((*c).tecf÷FLT 273.15);
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*/

(*c).texpa= (*s).tcexpl;
(*c).tcompa = (*s).tcsll;
(*c).trtec= (texpa+FLT 273.15)/(tcmp ÷FLT 273.15);

if ( (Us) .freque == FLT 0. ) rotUX_;

*u ENGINE DYNAMIC CALCULATIONS
*/

o_eg=FLT 2.0*piU (. s) .freque;

/e Design frequency at operating pressure, Hz
( Assumes design of 100 Hz at 150 Bar. ) */

(*c) .dsfrq = FLT 100.Usqrt((double) (Us) .pmean/FLT 15.0) ;

/* Piston velocity amp, m/s */
(*c) .vpa= (*d) .xp. a*_eg*FLT 0. 001;

/* Disp velocity amp, m/s */
(Uc) .vda= (*d) .xd. a*omegUFLT 0. 001;

Disp/l_sWnampmti0
if ( (*d).xp.a != FLT 0. )

(*c).xdrp=(*d).xd.a/(Ud).xp.a;

C_culatedcasingmo_on, ampuni_asXp&Xd, phase deg_
(*c).xca = (*c).xcph = FLT 0.;
if ( (Ucn).mcase != FLT 0. )
{

xmpxp = (*cn).mpistU(Ud).xp.a;

xlndxd = (Ucn).mdisp*(Ud).xd.a;
vadd(&{(*c).xca},&((*c).xcph),_upxp, (*d).xp.p,xmdxd, (*d}'.xd.p);

(*c).xca = (*c).xca/(*cn).mcase;

(*c).xcph = (*c).xcph-FLT 180.;

)

{*c)
(*c)

Gas spnng presure phase an_es
.phads= (Ud).padgs.p - (ud).xd.p + FLT 180.;

.phaps= (Ud).ppgs.p - (*d).xp.p + FLT 360.1

(*c}.phfds= (*d).pfdgs.p - (*d).xd.p ÷ FLT 360.;
£f ( (Ud).xd.a _= FLT 0 && (*d).xp.a != FLT 0 )

(
Gas spfingstiffness

(*c).akads=-aads*(*d).padgs.a/(*d).xd.aUcos(rad*(tc).phads)_FLT
(*c).akfds=-afds*(*d).pfdgs.a/(*d).xd.a*cos(rad*(*c).phfds)*FLT

(*c).akaps=-apist*(ed).ppgs.a/(ud).xp.a*cos(rad*(*c).phaps)*FLT

le9;

le9;
le9;

Gas spfingdamping */
(uc).cads=-aads*(*d).padgs.a/(*c).vda'sin(rad*(Uc).phads)UFLT le6;
(*c).cfds=-afdst(*d).pfdgs.a/(Uc).vda'sin(radU(*c).phfds)*FLT le6;
(*c).caps=-apist*(Ud).ppgs.a/(Uc).vpa*sin(rad*(*c).phaps)*FLT ie6;

}
Gas spring power losses _/

(*c).pwads=FLT 0.5e-3u(*c).cadsuSQ(_c).vda);

(uc).pwaps=FLT 0.Se-3*(Uc).capsUSQ((Uc).vpa);
(uc}.pwfds=FLT 0.5e-3U(Uc).cfdsuSQ((Uc).vda);

Tot_]_splacergasspringpowar*/
(*c).pwt:ds= (*c).wads+(*c).pwfds;

P Gas spfinEpowernormal/zedtolOmmamplitudeatoperat/n¢_Teq, w
* xxx.Loca]constant,(m/s)A2

xxx = FLT 0.5e-7*SQ(omeg);
{*c).pnads=(Uc).cads*xxx;
(*c).pnaps=(Uc).caps*xxx;
(Uc).pnfds=(Uc).cfdsUxxx;

P
*.... ENGINE THERMODYNAMIC CALCULATIONS

*/

5
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/* Efficiency calculations */

clnspre.c 6

334

if ( (*c).trtow i= FLT 0. )

(*c).etcrno= FLT 1.0- FLT 1.01 ('c).trtow;

(*c).xdspet = FLT l.e-3* (*c).etcrno * ("d).xd.a * sin(rad* (*d).xd.p);

(*c).prwprm = FLT l.e-3* (*c).xdspet * (*s).pmean * (*s).freque * (*d).xp.a;

Pressuremnplituderafio, Pc/Pm:
if ( (*s).pmean != FLT 0 )

(*c).pcpm = (*d).pcs.a/{*s).pmean;

(*c)

Pressureratio (pca+pmeanY(pmean.pca)
Sf ( (*s).pmean != (*d).pcs.a)

(*c).pratio = ((*S).l_ean+(*d).pcs.a)/((*s).pmean-(*d).pcs.a);

Piston P-Vpower=-(Pi*f*Ap*Xp*Pc*SinTHETAc),kW
{*c)-pvpst=-Pi*{*s).freque*apist*(td).xp.a*(*d).pcs.a*sin(rad*(*d).pcs.p ); 350

Power normalizedtol0mmamp_tude */
if ( (*d).xp.a != FLT 0 )

(*c).pvpsn = (*c).pvpst*FLT 100./(SQ((*d).xp.a));

Thermodynamic pistPVefficiency_
if ( (*c).qehl != FLT 0. )

(*c).etapvh = (*c).pvpst/(*c).qehl ;

if ( (*c).qehl != -(*c).pvpst ) 360

(*c).etapvc = (*c).pvpst/((*c).qecl + (*c).pvpst);

Esfimatedexp heatin& c0mp heatr_

.tqin = -pi*(*s).freque*(*d).pcs.a*ae'('d).xd.atsin(rad*((*d).pcs.p-(*d).xd.pi')

vadd(&vcl, &vcphl, acd*(*d).xd.a, (*d).xd.p, -apist*(*d).xp.a, (*d).xp.p);

(*c).tqrj = -pi'(*s).freque*(*d).pcs.a*vcl*sin(rad*((*d).pcs.p-vcphl) );

Schmidtcycle pressure phase
etaexd = (FLT 1./ (*c).trtow-FLT 1.0.beta)*ae*(*d).xd.a;

370

Pressurefac_rcalculafion*/
if ( (*d).xd.a < FLT i. )

{

)
else
{

if ( (*d}.xp.a l= FLT 0 }

(*c).pwrfcp = FLT le3"
else

(*c).pwrfcp = FLT 0.0;

(*c).pwrfcd = FLT 0.0;

£f

(*c).pcpm/(*d).xp.a;

( (*d).pcs.p >= FLT 0.0 )

psi = (*d).xd.p - (*d).pcs.p;
else

psi = FLT 180.0-(*d).xd.p+(*d).pcs.p;

380

(*c).pwrfcd = FLT le3"

(*c).pwrfcp = FLT le3"
)/(*d).xp.a;

)
P

(*c).pcpm/sin(rad*(*d).xd.p)'sin(rad*

(*c).pcpm/sin(rad*(*d).xd.p)*sin(rad* psi

*--DISPLACER FORCE BALANCE

* The displacer force balance assumes the expansion space pressure
* is the only unknown pressure force.

143
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(*d) .pcs .p) / (*d) .xd.a;

..o

390
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: Finally the influence of casing amplitude is ca]culated on
the basis of the system momentum balance (XCA & XCPH). The real

: (PERL) and imaginary (PEIM) exp pressures are first calculated
{ the amplitude (PEA) and phase (PEPH) w.r.t, the piston (XP.p)

* is calculated for output.

,/
xda= (*d).xd.a " FLT 0.001;
xpa= (*d).xp.a * FIT 0.001;
xca= ('c).xca * FIT 0.001;
pcsa= (*d).pcs.a * FLT 1.e6;
padgsa= (*d).padgs.a • FLT 1.e6;
pfdgsa= (*d).pfdgs.a * FIT 1.e6;
perl= SQ(omeg) * (*on).mdisp * xda / ae

+ pcsa* ( 1. -beta) *cos ( ((*d) .pcs. p- (*d) .xd. p) *tad)
+ padgsa*aads/ae*cos ((*c) .phads*rad)
+ pfdgsa*afds/ae*cos ((*c) .phfds*rad)
+ xca • (*cn).mdisp * SQ(omeg) * cos(((*c).xcph-(*d).xd.p)*rad)/ae;

peim= pcsa*(l.-beta) * sin(((*d).pcs.p - (*d).xd.p) * tad)
+ padgsa*aads/ae*sin ((*c) .phads*rad}
+ pfdgsa*afds/ae*sin ((*c) .phfds*rad)
+ xca _ (*cn).radisp * SQ(omeg) * sin(((*c).xcph-(*d).xd.p)*rad)/ae;

(*c) .pea= sqrt((aouble)perltperl÷peim*peim) / FLT 1.e6;
(*c) .peph= atan2(peim, perl}*deg + (*d).xd.p;

vadd(&((*c).dpa), &((*c).dpph), -(*c).pea, (*c).peph, (*d).pcs.a, (*d) .pcs.p) ;

Disp]acerrod power
(*c).pwdrd= -FLT le-3 * pi*(*s).freque*pcsa*arod*xda*

sin(rad*((*d).pcs.p-('d).xd.p));

7
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42O

/* Disp]acer to case power transfer */
(*c) .pwdcas= FLT 0.5e-3 * (*cn) .mdisp*omeg*SQ (omeg) *xca*xda*

sin ( ( (*c) .xcph- ("d) .xd.p) *tad) ;
/* Case to piston power transfer

• Note : Since the power out of the piston thru the case is equal
• to the case power to the displacer then: */

pwpcas = - (*c) . pwdcas;

430

/* Net displacer pumping power */
(*c) .pwpmp= (*c) .pwdrd- (*c) .pwtds+ (*c) .pwdcas;

P Disp pumping powernormaHzed to 10mm amp._
if ( (*d).xd.a != FLT 0. )

(*c).pwpmpn= (*c).pwpmp* FLT i00. / SQ((*d).xd.a); 44O

P
* --ALTERNATOR CALCULATIONS
*/

/* Alternator & load power */

(*c) .pwalt= FLT 0.5e-3" (*d) .valt.a* (*d) . ialt.atcos ( rad* ( (*d) .valt.p- (*d) . ialt.p } )
.oo

(*c) .pwacld = FLT 0.5e-3" (*d) .vacld.a* (*d) .ialt.a*cos ( tad* ( (*d) .vacld.p- (*d) .ialt.
/_ Net shaft power to alternator */
(*c) .palts ffi (*c).pvpst - (*c).pwaps + pwpcas; 450

/* Total alternator losses */
(*c).paltls = (*c).pall:s- (*c).pwalt;

Al_rnatoreffidency
if ( (*c).palts != FIT O. )

(*c).etalt = (*c).pwalt/(*c).palts;

P System emdency */
if ( (*c).qehl != FLT 0. )

(*c).etsys = (*c).pwalt/(*c).qehl;
460
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/*
* Aftforcebalancebe*eraand betaecalc,
* The alternatorforcebalanceassumestheelectricalforceon
* theplungeristheonlyunknown. Also,thebearingfriction
* isassumed tobenegligible,ie.equaltozero.
* Finallytheinfluenceofcasingamplitudeiscalculatedon
* thebasisofthesystemmomentum balance(XCA & XCPH).
* The real(FALTRL) and imaginary(FALTIM) forcesarefirst
* computed thentheamplitude(FALTA) and phase(FALTPH) w.r.L
* the piston is calculated for output. */

faltrl= (*cn) .mpist*SQ(omeg)* (*d) .xp.a - (*cn) .akmag* (*d) .xp.a

- (*d) .pcs.a*apist*cos ((*d) .pcs.p*rad)

÷ (*d) .ppgs .a*apist*cos ((*d) .ppgs.p*rad)
+ (*c) .xca* (*cn) .mpist*SQ(omeg)*cos ( ((*c} .xcph- (*d) .xp.p) *rad) ;

faltim= - (*d).pcs.a*apist*sin((*d).pcs.p*rad)

+ (*d) .ppgs.a*apisttsin((*d) .ppgs.p*rad)
+ (*c) .xca* (*cn) .mpist*SQ (omeg) *sin( ((*c) .xcph- (*d) .xp.p) *rad) ;

(*c).falta= FLT sqrt ( (dottble)faltrl*fa1_rl ÷ faltim*faltim };
(*c).faltph= FLT atan2( DBL faltim, DBL faltrl);

Lf (
BALTM = Vgerd(d(Xp)/dt)= Felec/xialt,n/Amp (= V-s/m ) */
(*d).ialt.a != FLT 0 )

(*c).baltm= (*c).falta/(*d).ialt.a;

/* Measured tuning capacitance, uf */
if (omeg * (*d).vcap.a '= FLT 0. )

(*c).cap = FLT le6" (*d).ialt.a / (omeg * (*d).vcap.a);

Measured LoadRe_stance,ohms
if ( (*d).ialt.a != FLT 0. )

(*c).rload = (*d).vacld.a / (*d).ialt.a;

Measured Load Phase,deg */
(*c).phasld= (*d).vacld.p - (*d).ialt.p;

Effec_ve alternat0rinductance, mH */

if ( ( xxx= omeg*(*d).ialt.a*sin((*d).ialt.p*rad) ) != FLT 0. )

(*c).aind = FLT le3 * (*d).valt.a*sin((90.-(*d).valt.p)*rad) / xxx;

Effec_veBalte= Vgen/VPA ,.V*sedm */
if ( ( xxx= (*c).vpa * sin{(*d).ialt.p*rad) ) != FLT 0. )

(*c).balte = (*d).valt.a*sin((90.-(*d).ialt.p+(*d).valt.p)*rad)Ixxx;

Altheatr_ected
(*c).qac = rhocl*cpcl * (*s).dtac * (*s).flac;

P

£f
{

( (*c).qehl != FLT 0. )

Engine
(*c).qbleng = ((*c).qecl ÷

System:engine& alternator
(*c}.qblsys = ((*c).pwalt

-- ENERGY BALANCE CALCULATIONS

(*c).pvpst)/(*c).qehl;

+ (*c).qecl ÷ (*c).qac)/(*c).qehl;

/_ Alternator */
if ( {*c).pvpst := FLT O. )

(*c).qblalt = ((*c).pwalt + (*c).qac)l(*c).pvpst;

return;

8
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